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FOREWORD 


According  to  Air  Force  information,  approximately  500  bird 
strikes  occur  each  year  in  Air  Training  Command  (ATC)  with  over 
half  of  these  on  the  T-38.  The  current  windscreen  provides  some 
protection  at  the  slower  speeds  flown  during  the  final  phases  of 
the  T-38  landing  pattern.  However,  during  climbs,  cruise,  and 
descents  below  10,000-feet  the  T-38  is  normally  flown  at  speeds 
of  2 4 O-to-3 00-knots  which  presents  a  bird  strike  hazard  by  larger 
birds  to  the  pilots. 

The  T-38  low  level  missions  are  of  particular  concern  because 
they  are  flown  at  speeds  of  up  to  420-knots.  Based  on  training 
requirements,  the  altitude  for  T-38  low-level  missions  has 
decreased  to  500-feet  above  ground  level  along  with  increasing 
the  number  of  sorties  required.  Although  the  Air  Force  plans 
student  load  reductions,  the  relative  number  of  high-speed,  low- 
level  navigation  sorties  will  increase. 

The  bird  impact  testing  of  a  T-38  laminated  polycarbonate 
transparent  panel  with  a  composite  aft  arch  reinforcement  added 
to  the  production  magnesium  frame  demonstrated  the  ability  to 
withstand  400-knot,  4-pound  bird  impact.  The  transparent  panel 
was  made  .of  polycarbonate,  protected  with  PPG  5300  outboard 
liner.  No  problems  were  noted  with  PPG  5300  liner  during  the 
test  period.  Problems  as  a  result  of  the  PPG  8500  inboard  coating 
were  addressed  with  a  change  to  PPG  9350  inboard  coating. 
Additional  work  on  the  inboard  coating  identified  as  AS-4000/PPG 
3 2 AS  resulted  in  better  polycarbonate  inboard  ply  protection  and 
increased  abrasion  resistance. 

Flight  evaluations  of  the  original  design  at  seven  ATC  Bases 
resulted  in  test  parts  being  removed  for  safety  reasons  after  the 
test  time  frame  was  completed.  Reasons  were  reduction  of  overall 
pilot  visibility  caused  by  reverse  curvature  along  edges  which 
caused  distortion  and  multiple  imaging.  Reverse  curvature  was 
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required  for  fit  to  the  frame.  The  composite  aft  arch 
reinforcement  that  was  added  to  the  magnesium  frame  Increased 
arch  size  thickness,  to  a  point  where  It  violated  both  student 
and  Instructor  pilot  vision  area.  Another  problem  was  the 
variation  In  size  of  existing  magnesium  frames  where  each 
Individual  transparent  panel  had  to  be  fit  to  a  specific  frame 
and  drilled  to  fit  only  that  frame. 

Although  magnesium  frames  are  light-weight  and  statically  strong, 
they  are  of  very  little  use  In  dynamic  bird  Impact.  Design  of  a 
total  composite  frame  has  been  pursued  by  the  Air  Force  which 
will  result  In  Increased  aft  arch  and  sill  vision  area.  Design  of 
this  frame  will  eliminate  reverse  curvature  that  was  the  cause  of 
distortion  and  multiple  Imaging,  along  with  simplicity  of 
transparent  design,  reducing  the  cost  of  fabrication,  and  Is 
conclusive  to  obtaining  good  optical  quality. 
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1.0  PROTOTYPE  BIRD  IMPACT  TESTING 


This  testing  followed  extensive  preprototype  testing  stage 
where  a  single  cross  section  was  established  for  the  prototype 
portion  of  the  program.  This  cross  section  is  depicted  in 
Figure  1.  Aft  Arch  Reinforcement  of  the  magnesium  frame  was 
KevlarVFiberglass  hybrid  composite  bonded  directly  to  the 
frame.  The  windshield  consists  of  an  outboard  ply  of  0.375- 
inch  aircraft  grade  polycarbonate  with  an  outboard  liner  of 
nominally  0.030-inch-thick  PPG  5300  liner.  This  polycarbonate 
ply  was  laminated  to  an  inboard  ply  of  0.187-inch  aircraft 
grade  polycarbonate  with  an  inboard  coating  of  0.003-0.005- 
inch-thick  PPG  8500  coating.  The  inner  layer  in  this  laminate 
is  0.060-inch-thick  PPG  112  material.  Located  at  the  Aft  Arch 
of  windshield  is  a  0.160-inch-thick  Hexcel  Fiberglass  outboard 
retainer  and  a  0.035-inch-thick  stainless  steel  inboard 
retainer  are  bonded  to  the  laminate  with  Uralane  5738.  To 
complete  the  assembly  a  wedge  of  Gilfab  Fiberglass  is  bonded 
to  the  inboard  Aft  Arch  with  Uralane  5738.  This  wedge  serves 
to  match  windshield  and  frame  contour.  The  fabricated  nose  and 
sill  fairings  were  from  6061-T6  Aluminum,  0.100-inch-thick. 

The  windshield  is  bolted  to  the  frame  with  #10  NAS  aircraft 
bolts  at  the  sills  and  NAS  1/4-inch  aircraft  bolts  in  the  aft 
arch.  Urethane  UR-2102  was  used  to  seal  outside  windshield  to 
aft  arch  and  edge  fairings.  This  material  provides  a  smooth 
transition  from  the  windshield  surface  to  the  fairing,  besides 
providing  a  weather  seal. 

All  Prototype  Bird  Impact  Testing  used  the  rigid  blue  support 
frame  constructed  by  PPG  for  mounting  and  securing  windshield 
frame  (Figures  2  and  3,  Test  Plan  -  Bird  Impact).  This  support 
system  simplified  easy  access  to  the  transparency  mounting 
system,  greater  flexibility  of  camera  locations,  and  faster 
change  out  from  one  target  to  the  next.  Because  of  the 
knowledge  gained  in  preprototype  testing,  PPG  recognized  that 
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Figure  1.  Prototype  Centerline 
Cross  Section 


Figure  2 


Figure  2.  T-38  Composite 

Reinforced  Forward 
Windshield  Frame 
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TOTAL  DEFLECTION  (INCHES) 


Shot  #156 


possibly  more  than  one  of  the  impact  locations  could  be  tested 
on  any  single  windshield.  This  contract  deviation  was  an 
agreement  by  PPG  and  WPAFB  personnel.  All  prototype  impact 
testing  was  at  PPG  Flight  Impact  Facility  in  Huntsville, 
Alabama . 

1.1  Bird  Impact  Testing  -  May  1985 

This  series  of  designed  testing  was  to  impact  two  test 
windshields  using  Table  1  of  the  Test  Plan  -  Bird  Impact 
for  temperatures,  locations  and  speeds.  The  first  five 
shots  of  the  Table  are  included  in  this  testing.  Hot 
temperatures  were  generated  by  a  thermal  heating  blanket 
system,  while  cold  temperatures  would  be  reached  using 
gaseous  liguid  nitrogen  as  a  cooling  mechanism.  The 
specified  impact  locations  are  on  Figure  4  of  the  Test 
Plan  -  Bird  Impact. 

1.2  Prototype  Bird  Impact  Test  Results  -  May  1985 

Five  bird  impacts  on  two  windshields  were  made  during 
this  phase  of  the  test  program.  The  first  test  window, 
number  322-52,  was  impacted  at  401.62-knots  with  a  4.012- 
pound  bird.  The  impact  shots  on  the  first  test  window  are 
numbers  156,  157,  158  and  159. 

1.2.1  Shot  #156 

Shot  #156  was  9-inches  forward  of  aft  arch  on 
windshield  center  line,  after  a  15-minute  soak 
period  at  an  outboard  surface  temperature  of 
approximately  210°F.  Removing  the  electric 
heating  blanket  before  impact  caused  the  actual 
surface  temperature  reading  at  impact  to  drop  to 
183. 7“F  outboard  and  162. 6°F  inboard.  The  impact 
produced  sufficient  deflection  in  the  aft  arch  to 
allow  a  small  amount  of  bird  debris  to  enter  the 
cockpit  area  and  strike  the  witness  plate. 
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Table  1.  T-38  Frame  Measurements 
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Table  1.  T-38  Frame  Measurements 


TOTAL  DEFLECTION  (INCHES) 


Figure  4 


VECTOR  SUM  OF  COMPONENT 
DEFLECTION  FOR  POINTS  ON  T-38 
FORWARD  WINDSHIELD  -4LB  BIRD 
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Eight  thermocouples  were  positioned  on  the 
windshield  for  temperature  gradient  verification. 
Two  of  the  three  required  readings  were  taken  12- 
inches  from  the  nose,  on  the  center  line  and  at  a 
position  3-inches  up  from  the  sill,  one  inboard 
and  the  other  outboard.  The  third  reading  was 
taken  inboard  center  line  at  a  position  10-inches 
away  from  the  windshield  surface.  All  other 
thermocouples  are  positioned  as  shown  on  the 
sketch  in  data  section  of  the  Bird  Impact  May  29, 
through  May  31,  1985,  report  (Appendix  The 
data  presented  has  information  headings  that  do 
not  represent  actual  locations  displayed  on 
sketch. 

1.2.2  Shot  #157 

Shot  #157  was  on  the  same  windshield  and  in  the 
same  location  but  at  room  temperature.  The  impact 
was  at  137.2-knots  with  a  bird  package  weight  of 
3.996-pounds.  A  small  amount  of  debris  entered 
the  cockpit  area  on  this  shot. 

The  third  and  fourth  shots  were  at  room  temperature  on 
windshield  322-52  but  in  the  sill  corner  location  as 
specified  in  Figure  4  of  the  Test  Plan  -  Bird  Impact. 

1.2.3  Shot  #158 

Shot  #158  was  a  404.6-knot  shot  with  a  4.018- 
pound  bird  that  did  no  apparent  additional 
windshield  system  damage. 

1.2.4  Shot  #159 

Shot  #159  was  a  136.98-knot  shot  with  a  4.016- 
pound  bird  that  did  no  apparent  additional 
windshield  system  damage. 
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Installation  of  windshield  number  322-45  was  the  next 
sequence  of  test  shots  which  consisted  of  cold  and  room 
temperature  shots. 

1.2.5  Shot  #160 

Shot  #160  was  after  a  cooling  soak  for  15-minutes 
at  approximately  -10"?  outboard  surface 
temperature.  The  same  eight  thermocouple 
locations  recorded  previously  were  used  for  the 
hot  shot.  Just  before  impact,  removal  of  the 
enclosure  used  to  contain  the  cooling  gases  and 
several  photographic  lamps  were  turned  on.  The 
lamps  generated  enough  heat  that  actual  test 
temperatures  at  impact  were  +5®F  on  the  outboard 
surface  and  +40“F  on  inboard  surface.  Impact  was 
at  402.35-knots  with  a  4.002-pound  bird  and 
proved  to  be  a  catastrophic  type  failure.  A  large 
plug  type  section  of  the  windshield  was  blown  out 
in  the  impact  area.  This  location  was  a  point  9- 
inches  forward  of  aft  arch  on  transparency  center 
line. 

During  the  above  testing  it  was  determined  that  the 
horizontal  leg,  bottom  composite  reinforcement  was  not 
required  as  shown  in  Figure  2  Test  Plan  -  Bird  Impact. 
UDRI  had  the  tooling  revised  to  accommodate  removal  of 
horizontal  leg  which  helped  reduce  complexity  of 
composite  lay  up. 

All  test  parts  were  prepared  and  measured  for 
triangulation  analysis  for  deflection.  Triangulation 
analysis  was  by  W.  R.  Pinnell  for  test  #156  only. 
Triangulation  data  is  shown  in  Figures  3  and  4.  Reference 
Appendix  A,  Bird  Impact  Test  Report,  T-38  Alternative 
Transparencies,  May  29  through  May  31,  1985,  informal 
report  for  all  data  including  pre-  and  post-test 
photographs . 
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1.3  Bird  Impact  Testing  -  August  1985 

This  series  of  testing  used  the  test  evaluations  of 
previously  conducted  shots  and  data  generated  by 
immediately  preceding  test  shot  results.  All  impacts 
were  done  with  4 -pound  birds  at  velocities  determined  by 
program  director,  Sherman  Stewart  and  coordinated  with 
USAF  personnel.  This  approach  was  chosen  to  allow  a 
definition  of  transparency  penetration  velocity  at 
specific  test  temperatures.  Test  temperatures  were  to  be 
either  ambient  room  temperature  or  cold  (+25°?). 

1.4  Prototype  Bird  Impact  Test  Results  -  August  1985 
Six  bird  impacts  were  made  on  four  test  windshields 
during  the  completion  of  this  test  program  portion.  Two 
windows  were  impacted  twice,  with  the  remaining  two 
tested  only  once. 

1.4.1  Shot  #184 

Shot  #184  was  393.1-knots  on  windshield  number 
322-54,  with  a  4.002-pound  bird  at  room 
temperature  of  700F.  The  window  passed  with  no 
major  damage,  other  than  an  approximate 
permanent  deflection  of  0.25-inch  in  the  aft 
arch.  Several  pieces  were  removed  from  the  arch 
material  by  the  impact.  The  test  also  permitted 
a  few  pieces  of  bird  residue  to  hit  the  witness 
plate. 

1.4.2  Shot  #185 

Shot  #185  was  on  windshield  number  322-72  with  a 
4. 012 -pound  bird  at  400. 9 -knots,  test  was  a 
failure.  Impact  was  after  cold  soaking  the  panel 
at  +250F  for  15-minutes.  A  flap  of  some  12- 
inches  by  3 -inches  opened  in  the  impact  area  and 
allowed  bird  debris  to  enter  cockpit. 
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1.4.3  Shot  #186 

Shot  #186  was  on  windshield  number  322-57  after 
a  cold  soak  at  +25°?  for  15-minutes.  Speed  was 
393.2-knots  with  a  4.014-pound  bird  and  was  a 
failure.  Again  an  approximate  12-inch  by  8-inch 
flap  opened  allowing  some  bird  debris  to  enter 
cockpit  area.  Several  cracks  generated  from  flap 
area  toward  forward  arch.  These  first  three 
shots  were  at  a  location  9-inches  forward  of  aft 
arch  on  windshield  center  line.  Removal  of 
stainless  steel  inboard  buffer  before  test  shot 
#186  may  have  caused  some  inboard  polycarbonate 
ply  damage. 

1.4.4  Shot  #187 

Shot  #187  was  on  windshield  number  322-54, 
previously  impacted  on  shot  #184.  Impact 
location  point  on  this  test  was  6-inches  aft  of 
the  forward  sill  on  windshield  center  line.  Shot 
was  at  room  temperature  with  a  4.016-pound  bird, 
a  velocity  of  396.2-knots,  and  the  windshield 
passed.  Previous  shot  damage  cracks  propagated 
across  windshield  center. 

1.4.5  Shot  #188 

Shot  #188  was  at  room  temperature,  center  of 
windshield  center  line.  Windshield  number  322-52 
used  for  this  test  was  tested  before  on  shot 
numbers  156,  157,  158,  and  159.  A  4.002-pound 
bird  impacted  the  windshield  at  3 92. 5 -knots 
without  damaging  windshield.  There  was  no 
penetration  nor  visible  damage  from  the  test. 
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1.4.6  Shot  #189 


Once  more,  shot  #189  used  windshield  number  322- 
52.  Impact  location  was  changed  to  the  same 
position  as  used  in  the  first  three  shots,  9- 
inches  forward  of  the  aft  arch  on  windshield 
windshield  center  line.  This  test  was  after  a  15- 
minute  cold  soak  at  +25of.  The  impact  was  at 
302.1-knots  with  a  3.998-pound  bird  and  produced 
no  window  damage.  Transparency  inboard  stainless 
steel  buffer  was  removed  before  testing. 

Again  all  test  parts  were  prepared  and  measured  for 
triangulation  analysis  for  deflection.  Triangulation 
analysis  was  by  W.R.  Pinnell  for  test  #184  only. 
Triangulation  data  is  shown  on  Figure  5.  Shot  #189 
established  the  first  cold  capability  (+250F)  at  300- 
knots.  Reference  Appendix  B,  Bird  Impact  Test  Report,  T- 
38  Alternative  Transparencies,  August  9,  1985,  through 
August  15,  1985,  for  all  data  including  pre-  and  post¬ 
test  photographs. 

.5  Prototype  Bird  Impact  Test  Results  -  October  1985 

This  series  of  testing  consisted  of  two-bird  impacts  on 
separate  windshields.  They  were  mounted  to  the  original 
test  support  structure  used  in  all  bird  impact  tests 
before  this  series  of  tests. 

1.5.1  Shot  #213 

Shot  #213  was  at  352.8-knots  with  a  4.012-pound 
bird  on  windshield  number  322-76  and  was 
successful.  The  shot  was  at  a  nominal  +260F  on 
the  outboard  surface,  after  a  15 -minute  soak 
period  at  +250F.  This  soak  period  produced  a 
temperature  of  530f  on  the  inboard  surface  just 
before  impact. 
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BIRO  IMPACT  rCST  NR  184 
393. 1  KNOTS  —  AMBIENT 


Figure  5 
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Figure  5.  Triangulation  Data  Cross 
Section  Plot  Shot  #184 


1.5.2  Shot  #214 


Shot  #214  was  at  345.8-knots  with  a  4.016-pound 
bird.  This  test  proved  to  be  a  failure  when  a 
small  plug  was  blown  out  of  the  impact  area. 
Temperatures  just  before  impact  were  -l^F  on  the 
outboard  surface  and  +400F  on  the  inboard 
surface.  The  temperatures  were  established  by 
soaking  windshield  for  15-minutes  at  O^F. 

These  two  tests  established  the  speed  (350-knots)  and 
cold  temperature  (+250F)  capability.  Reference  Appendix 
C,  Bird  Impact  Test  Report,  T-38  Alternative 
Transparencies,  October  1,  1985,  through  October  2, 

1985,  and  November  14,  1985,  through  November  22,  1985, 
for  all  data  including  pre-  and  post-test  photographs. 
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2.0  FLIGHT  QUALITY  QUALIFICATION  BIRD  IMPACT  TESTING 

Flight  quality  testing  was  on  the  final  design  configuration 
determined  during  prototype  testing  (Figure  6) .  Flight 
quality  windshields  were  then  representative  of  production 
parts.  Flight  quality  testing  was  the  final  design  and 
manufacturing  certification  process. 

All  flight  quality  bird  impact  testing  was  in  an  actual  T-38 
fuselage  supplied  to  PPG  by  WPAFB.  All  transparencies  were  in 
their  respective  positions  on  the  fuselage  during  flight 
quality  impact  testing.  Upon  satisfactory  completion  of  the 
flight  quality  testing  the  windshield  system  was  then  ready 
for  Developmental/Operational  Test  and  Evaluation  (D/OT&E) 
installation. 

Because  of  the  extensive  preprototype  and  prototype  bird 
impact  testing,  the  aft  arch  centerline  impact  location  was 
determined  to  be  the  worst  case  test  condition  and  chosen  as 
the  impact  location  for  various  temperature  requirement 
tests.  This  location  was  also  chosen  for  the  secondary  impact 
location  at  130-knots.  All  testing  was  documented,  using 
three  high-speed  color  film  cameras  (approximately  5,000 
frames-per-second) . 

2.1  Flight  Quality  Bird  Impact  Results  -  November  1985 
2.1.1  Shot  #221 

Shot  #221  was  on  windshield  number  322-80  at  the 
aft  arch  centerline  location.  The  conducted 
impact  was  at  room  temperature  with  a  4.008- 
pound  bird,  at  a  velocity  of  393.6-knots.  The 
impact  was  determined  to  be  successful.  Some 
minor  bird  debris  penetrated  into  the  cockpit, 
but  the  debris  entered  over  the  aft  arch  as  it 
deflected  during  impact. 
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2.1.2  Shot  #222 

Shot  #222  was  a  second  aft  arch  centerline 
location  shot  on  windshield  number  322-79  with 
an  outboard  surface  temperature  of  208°?  and 
inboard  surface  temperature  of  1590f.  These 
established  temperature  values  were  completed 
before  impact  after  a  15-minute  soak  at  210f’F. 
Impact  was  at  401.5-knots  with  a  4.008-pound 
bird.  The  windshield  passed  the  impact  with  only 
a  few  small  outboard  ply  cracks.  Aft  arch 
deflection  again  allowed  some  bird  debris  to 
enter  the  aircraft. 

2.1.3  Shot  #223 

Shot  #223  was  on  windshield  number  322-79,  but 
at  an  ambient  room  temperature  condition  of 
750F.  The  test  was  at  132.7-knots  with  a  4.012- 
pound  bird  in  the  same  location  as  shot  #222 . 
Once  again  the  windshield  passed  the  test 
without  any  additional  panel  damage. 

2.1.4  Shot  #224 

Shot  #224  was  en  aft  arch  centerline  conducted 
at  low  temperature  on  windshield  number  342-10, 
at  a  velocity  of  351.9-knots,  with  a  4.010-pound 
bird  test  results  were  good.  Temperatures  were 
+260F  on  the  outboard  surface  and  an  inboard 
surface  temperature  of  +39of.  These  values  were 
reached  after  a  15-minute  soak  at  250F.  Post¬ 
test  evaluation  revealed  several  large  cracks  in 
the  polycarbonate  plies  of  the  window.  Aft  arch 
deflection  allowed  a  minimal  amount  of  bird 
debris  to  enter  cockpit  area. 
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2.1.5  Shot  #226 

Shot  #226  was  at  room  temperature  on  windshield 
number  342-09.  Impact  occurred  at  a  velocity  of 
398.9-knots,  with  a  4.020-pound  bird  and  proved 
to  be  a  success.  The  nose  impact  produced  a 
crack  in  the  3 /8-inch  polycarbonate  ply  that 
radiated  from  impact  position  up  to  aft  arch. 

2.1.6  Shot  #227 

Shot  #227  was  a  second  impact  on  windshield 
number  342-09.  Impact  location  changed  from  the 
nose  position  to  centerline  of  the  unit  at 
transparency  midpoint.  Impact  was  at  room 
temperature  of  64°?,  with  a  4.020-pound  bird 
traveling  at  a  velocity  of  400.8-knots  and  was  a 
successful  test. 

2.1.7  Shot  #228 

Shot  #228  was  the  third  impact  shot  on 
windshield  number  342-09.  Impact  was  port  sill 
location  as  defined  in  the  original  testing 
document.  Impact  was  at  400.2-knots  with  a  4.008- 
pound  bird  and  again  proved  to  be  a  success.  The 
room  temperature  was  580F  at  impact. 

All  flight  quality  impact  tests  met  the  4-pound,  400-knot 
requirement  for  ambient  and  hot  temperature  shots  (210°?)  and 
the  4 -pound,  3 50 -knot  requirement  for  cold  temperature 
requirement  (+250F). 

All  test  parts  were  prepared  and  measured  for  deflection 
using  triangulation  analysis.  Although  no  analysis  was  done, 
all  testing  was  evaluated  as  meeting  the  requirements. 
Reference  Appendix  C,  Bird  Impact  Test  Report,  T-38 
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Alternative  Transparencies  October  1,  1985,  through  October 
2,  1985,  and  November  14,  1985,  though  November  22,  1985,  for 
copies  of  temperature  data  on  hot  and  cold  impact  shots,  also 
for  pre-  and  post-test  photographs. 


19 


3.0  NASA  SPECIAL  WINDSHIELD 

In  January  1985,  NASA  Langley  Research  Center  requested  a 
bird  impact  resistant  T-38  transparency  for  their  aircraft. 
They  expressed  a  desired  April/May  delivery,  with  a 
projection  of  flying  special  low-level  test  missions  during 
June /July.  This  installed  transparency  was  in  a  magnesium 
frame  already  reinforced  with  a  composite  aft  arch 
reinforcement,  supplied  by  the  University  of  Dayton  Research 
Institute  (UDRI) ,  under  subcontract  to  PPG  Industries.  The 
transparency  cross  section  is  depicted  in  Figure  1  and  shows 
the  cross  section  that  evolved  from  preprototype  testing  and 
would  be  used  in  all  prototype  testing.  A  transparency  was 
manufactured  to  fulfill  this  requirement  and  optically 
inspected  by  PPG  personnel  and  NASA  Research  Pilot,  Phil 
Brown.  PPG  declared  that  the  transparency  did  not  meet 
optical  specifications  as  stated  in  statement  of  work,  but 
NASA  (Phil  Brown)  said  it  was  acceptable  for  special  mission 
flying.  The  transparency  was  installed  in  the  frame  and 
shipped  to  NASA  Langley  Research  Center  on  May  16,  1985. 
Specialized  cleaning  instructions  and  recommended  solutions 
were  delivered  with  the  transparency  system. 

NASA  aircraft  transparency  installation  began  the  week  of 
June  19,  1985,  with  PPG  personnel  Mr.  James  Myers  and  Mr.  Tom 
Rukavina  assisting  Kentron  Service  personnel  Mr.  Bruce 
Foster,  Crew  Chief,  and  Mr.  Sam  Talley  with  installation. 
After  rough  fitting  the  frame  fairings  to  aircraft,  PPG 
personnel  departed  from  NASA  Langley.  Kentron  personnel 
continued  the  difficult  task  of  mating  and  shimming  piano 
hinges  on  the  frame  to  existing  piano  hinge  on  aircraft.  Just 
before  final  installation  of  transparency  system  to  aircraft, 
a  scratch  was  discovered  on  the  inboard  coating,  in  an  area 
approximately  1-inch  long  on  the  port  sill  area.  On  June 
30,1985,  the  installed  windshield  was  then  inspected  by  PPG 
personnel  Mr.  Sherman  Stewart  (Senior  Design  Engineer)  and 
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Mr.  James  Myers  (Project  Engineer)  at  Huntsville,  Alabama, 
Jetplex.  The  scratch  was  only  in  the  inboard  8500  protective 
coating  and  did  not  penetrate  the  polycarbonate.  A  thin  film 
of  RTV  732  silicone  was  applied  to  protect  the  exposed 
polycarbonate  in  the  bottom  of  the  scratched  area.  This  was  a 
simple  patch  to  fill  the  void,  not  a  repair.  The  transparency 
system  was  returned  and  installation  completed  on  the 
aircraft.  Pressurization  testing  was  completed  July  9,  1985, 
and  first  flight  occurred  July  12,  1985.  Special  testing 
occurred  July  24,  through  July  26,  1985,  with  no  transparent 
system  problems.  Although  this  transparency  did  not  meet 
optical  specifications,  NASA  felt  it  suitable  to  continue 
flying,  providing  pilots  with  increased  birdstrike 
protection. 

On  September  9,  1985,  NASA  reported  an  impact  with  a  large 
hard  shell  bug  that  left  a  mark  in  the  PPG  5300  liner.  Some 
of  the  remains  and  skid  type  mark  was  left  on  the  surface  of 
the  PPG  5300  liner  in  the  right  central  area  of  the 
transparency.  After  thorough  cleaning  to  remove  remains,  the 
skid  mark  was  still  visible,  but  after  exposure  to  sunlight 
and  several  flights  the  mark  had  disappeared.  The  reason  for 
this  disappearance  is  "memory  or  self-healing  characteristics 
of  the  PPG  5300  liner. "  The  self-healing  characteristic  is 
enhanced  by  warm  sunshine,  heat  from  a  common  hair  dryer,  or 
heat  gun.  Throughout  the  continued  use  of  this  unit  no 
discoloration,  delamination,  peeling,  crazing,  loss  of  light 
transmission,  or  haze  increase  as  accured. 

Forward  windshield  certification  for  Operational  Test  and 
Evaluation  (OT&E)  was  by  NASA  Langley  T-38  flying  experience, 
tail  #511.  Accumulated  during  August  1985,  were  almost  5 
flying  hours,  some  of  which  included  very  high-speed  (570- 
knots)  runs  at  an  altitude  of  12,000-feet.  On  December  13, 
1985,  aerobatic  maneuvers  including  loops,  Cuban  eights,  and 
emelmans,  subjecting  the  aircraft  to  5  "G"  loading  conditions 
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six  times  and  500-knot  airspeed  at  an  altitude  of  5,000-feet. 
A  flight  performance  demonstration  was  conducted  on  December 
18,  1985,  and  consisted  of  the  following: 

A  60-degree  dive/high-speed  mission,  following  a  15- 
minute  low- temperature  soak  of  -58of  at  an  altitude 
of  41,000-feet.  The  aircraft  was  subjected  to  a 
maximum  speed  of  Mach  1.3,  at  an  altitude  of  30,000- 
feet.  This  followed  a  leveling  off  and  deceleration 
at  an  altitude  of  17,000-feet  (600-knots 
decelerating  to  500-knots) .  Estimated  time  of 
windshield  exposure  to  super  sonic  conditions 
during  this  mission  is  30-seconds.  Following  these 
missions,  cross-country  flying  time  resulted  in  a 
total  accumulation  of  approximately  70  flight  hours 
from  July  1985,  through  early  January  1986, 
supporting  the  Air  Force  D/OT&E.  In  October  1986, 
the  transparent  panel  outboard  port  sill  was 
severely  abraded  by  what  appeared  to  be  a  belt 
buckle.  After  cleaning  »nd  outdoor  sun  exposure, 
the  marks  disappeared. 

NASA  continued  flying  the  original  transparent  panel  until 
October  1988.  PPG  Industries  replaced  the  unit,  due  to 
inboard  PPG  8500  protective  coating  failure.  During  the  time 
original  transparent  panel  was  in  service,  nearly  400  flight 
hours  of  service  accumulated  with  no  major  problems. 
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4.0  DEVELOPMENTAL /OPERATIONAL  TEST  AND  EVALUATION  (D/OT&E) 

During  September  1985,  installation  of  the  D/OT&E  unit 
started  at  San  Antonio  Air  Logistics  Center  (SA-ALC) .  A 
student  windshield  frame  was  received  from  Northrop 
Corporation  and  fitted  with  the  bird  impact  resistant 
windshield.  This  frame  had  been  rejected  because  the  bolt 
hole  pattern  was  out  of  specification.  Since  transparent 
panel  installation  was  to  the  individual  frame  and  the  edge 
of  part-to-hole  specification  was  not  violated,  this  frame 
was  usable.  After  frame  was  faired  to  the  ALC  aircraft  and 
piano  hinges  shimmed  and  attached,  canopy  would  not  close  at 
aft  arch  and  forward  canopy  interface.  Forward  windshield 
assembly  interference  fit  problems  to  airframe  and  canopy 
encountered  during  proof  fitting  were  related  to 
manufacturing  tolerances  of  forward  windshield  frame, 
matching  of  frame,  and  fuselage  dimensions.  The  solution  for 
this  problem  was  to  install  frame  reinforcement  and  bird 
impact  resistant  transparent  panels  in  frames  removed  from 
specific  D/OT&E  aircraft  and  reinstallation  of  these 
assemblies  on  the  aircraft  from  which  removed.  A  WL/FIVR  and 
PPG  study  involving  detailed  geometric  measurement  of  frame 
geometry  before  and  after  composite  reinforcement  and 
transparent  panel  installation,  suggested  that  the  bird 
impact  frame  modifications  will  not  prelude  reinstallation  of 
modified  frames  on  aircraft  from  which  removed  (see  Table  1 
and  Figures  7,  8,  and  9).  The  relationship  was  determined 
between  aft  arch  height  and  span  dimension  at  aft  sill 
fasteners.  In  the  event  pre-installation  nondestructive 
testing  revealed  damage  to  a  frame  which  would  preclude 
continued  flight  worthiness,  measurements  of  the  air  frame 
could  be  used  to  determine  if  the  geometry  of  one  of  the 
small  number  of  flight  quality  frames  at  WL  would  be 
compatible  with  the  subject  aircraft.  If  compatibility  was 
evident,  then  the  WL  frame  would  be  made  available. 
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Figure  7 


-"'t 


-ANGLE  FROM 
BASE  PLANE 
(15  DEG.  SHOWN) 


.  REFERENCE 
HOLE 

(NOT  THREADED) 


-MAKE  RADIAL  MEASUREMENTS  FROM  THIS  POINT 
(CENTERED  BETWEEN  REFERENCE  SURFACES) 


Figure  7.  T-38  Forward  Windshield 

Frame  Aft  Corner  View 


ANGLE  RADIAL  MEASUREMENT 

FROM  PORT  SIDE  STARBOARD 

BASE  PLANE  (INCHES)  SIDE 
(DEGREES)  (INCHES) 


Figure  8.  T-‘38  Forward  Windshield 

Frame  Radial 
Measurements 
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THREADED  HCL^ 


Figure  9.  T-38  Forward  Windshield 

Frame  Dimensions 


Because  of  the  unsuccessful  attempt  to  install  prototype 
D/OT&E  item  and  initiation  of  auxiliary  air  door  modification 
test  program,  SA-ALC  decided  not  to  undertake  D/OT&E  of  the  T- 
38  bird  impact  resistant  panel.  Redirection  of  SA-ALC  local 
RDT&E  program  and  reevaluation  of  development  test 
responsibilities  were  reasons  given  for  this  decision.  SA-ALC 
was  still  vitally  interested  in  this  program  and  pledged 
logistical  assistance  to  support  the  D/OT&E  program.  Although 
SA-ALC  had  made  commitments  and  had  an  approved  test  plan  by 
the  Flight  Safety  Review  Board,  WL/FIVR  was  informed  that  ALC 
aircraft  would  not  be  available  for  D/OT&E. 

NASA  Langley  cooperation  (3.0  NASA  Special  Windshield) 
avoided  extensive  contractual  delays.  Completion  of  flight 
demonstrations  proposed  and  directed  by  Mr.  Bob  Pinnell  was 
completed  by  NASA,  instead  of  SA-ALC  as  originally  planned. 
When  NASA  completed  flight  demonstrations,  there  was  no  basis 
for  flight  restrictions  or  redesign  of  transparency  system. 
This  transparency  system  was  certified  as  safe  for  conducting 
the  OT&E.  WL/FIVR  advised  SA-ALC  to  begin  shipping  the  first 
of  seven  frames  for  modification  of  Air  Training  Command 
(ATC)  aircraft. 
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5.0  OPERATIONAL  TEST  AND  EVALUATION  (OT&E) 


As  discussed  in  the  D/OT&E  section,  SA-ALC  agreed  to  support 
the  OT&E  testing.  In  accordance  with  this  support  they  would 
arrange  for  removal  of  frames  from  aircraft,  removal  of 
acrylic  panels,  nondestructive  inspection  (NDI)  of  frames, 
supply  of  primers  and  paints,  shipment  to  PPG  Industries 
every  2 -weeks  until  seven  parts  were  shipped,  and 
reinstallation  on  the  aircraft  when  the  bird  impact  resistant 
transparent  system  was  returned.  PPG  Industries,  Huntsville, 
estimated  a  45-day  turnaround  to  allow  for  weighing  and 
measuring  frame,  shipment  to  UDRI  for  composite  aft  arch 
fabrication,  return  shipment  to  PPG  for  weighing  and 
measuring,  installation  of  transparent  panel,  weighing  and 
measuring,  final  inspection,  and  shipment  back  to  Randolph 
Air  Force  Base.  All  installations  were  accomplished  at  Queen 
Bee  Hanger,  Randolph  Air  Force  Base,  and  performed  by  Lier 
Sigler  Company  (Air  Force  maintenance  contractor) .  See  Table 
2  for  base  locations,  aircraft  identifications,  date  received 
at  PPG,  and  date  returned  to  Randolph  Air  Force  Base. 

See  Appendix  D  for  instruction  package  supplied  by  SA-ALC 
Engineering  to  assist  in  maintenance  of  the  new  transparent 
system.  It  also  contains  pertinent  information  about 
cleaning,  removal,  installation,  reporting  forms,  and  warning 
sign. 

See  Figures  7,  8,  and  9  and  Table  3  to  document  all  weights 
and  measurements  of  flight  quality  frames  received,  modified, 
and  installed. 

The  first  installation  of  the  first  bird  impact  resistant 
OT&E  item  occurred  during  the  week  of  June  16,  1986.  The 
second  installation  was  about  75  percent  completed  the  same 
week.  Since  the  OT&E  was  based  on  frames  being  removed  from 
the  same  aircraft  they  were  being  reinstalled  on,  and  careful 
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TABLE  2 

BASE  LOCATIONS  AND  AIRCRAFT  IDENTIFICATION 
T-38  BIRD  RESISTANT  WINDSCREEN  TEST  PROJECT 


AIRCRAFT 
TAIL  NO. 

62-3721 

66-8402 

64-13251 

61- 0849 

62- 3616 
62-3681 
62-3750 


BASE 


Vance  ' 

Randolph 

Laughlin 

Columbus 

williams 

Reese 

Sheppard 


DATE 

RECEIVED 

4/16/86 

4/29/86 

5/7/86 

6/9/86 

6/26/86 

6/26/86 

7/23/86 


DATE 

RETURNED 

6/2/86 

6/12/86 

6/26/86 

7/28/86 

8/18/86 

8/27/86 

10/9/86 


Table  2.  Base  Locations  and 

Aircraft  Identification 
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before  and  after  modification  measurements  were  made,  no 
major  aircraft  fit  problems  were  expected  or  encountered.  PPG 
Project  Engineer,  Mr.  James  Jtyers,  was  on  site  to  assist  with 
installation  of  the  first  two  units. 

Nondestructive  inspection  (NDI)  performed  at  Randolph  Air 
Force  Base  to  assure  structural  integrity  of  the  magnesium 
frame  resulted  in  the  rejection  of  the  frame  from  aircraft 
3681,  based  at  Reese  Air  Force  Base.  Comparative  measurements 
of  this  frame  and  a  spare  frame  that  had  not  been  expended 
during  bird  impact  testing  indicated  this  frame  could  be  used 
as  a  substitute  for  the  rejected  frame.  After  shipment  to 
Randolph  Air  Force  Base  for  fit  confirmation  and  piano  hinge 
installation,  the  frame  was  returned  to  PPG  and  a  bird  impact 
resistant  panel  installed. 

Field  service  was  provided  at  Randolph  Air  Force  Base  to 
correct  a  problem  with  the  forward  bottom  section  of  the  add¬ 
on  composite  arch  on  the  first  two  installations  (aircraft  62- 
3721  and  66-8402).  This  section  of  the  arch  is  nonstructural 
as  related  to  bird  impact  resistance.  An  application  of  epoxy 
was  made  to  this  area  as  a  filler  patch  because  the  bolt  hole 
location  was  close  to  the  composite  edge.  The  epoxy  used  was 
not  designed  to  be  used  for  the  thickness  required  for  this 
patch.  Also  the  angularity  of  the  bolt  in  that  hole  caused  a 
stress  point  and  contributed  to  cracks  in  the  epoxy  patch.  To 
remedy  this  problem,  replacement  of  the  patch  material  was 
with  Ren  Plastic  Fast  Weld  Epoxy  No.  10.  In  addition  the 
subject  holes  were  then  drilled  oversize  and  an  aluminum 
bushing  potted  in  place,  bottoming  against  the  inside 
magnesium  frame.  This  bushing  was  then  spot- faced  to  the  hole 
ensureing  correct  angle  for  washer  and  nut.  This  also  ensured 
that  the  clamping  load  was  taken  off  the  nonstructural  area 
of  the  epoxy  patch.  Aircraft  64-13251  was  examined  and  this 
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condition  did  not  exist  because  of  corrective  action  taken 
during  the  composite  manufacturing  lay-up.  Additional 
material  was  added  to  all  remaining  OT&E  units. 

During  the  final  installation  effort  of  the  first  unit  at 
Randolph,  fasteners  securing  the  transparent  panel  to  the 
frame  did  not  protrude  through  its  self -locking  nut 
sufficiently  to  expose  two  full  threads.  Since  this  condition 
was  outside  acceptable  specifications  for  airframe  fasteners, 
a  waiver  was  necessary  to  proceed  with  the  installation.  The 
waiver  was  based  on  low-torque  (50 -inch-pounds)  and  resulting 
low  tensile  loading  in  the  fastener  (1/4-inch  bolt) . 
Conditions  attached  to  the  waiver  required  that  the  bolt  be 
retorqued  every  50  flying  hours.  The  installation  torque  was 
low  for  these  bolts  compared  to  normal  torque  (125-inch- 
pounds)  ,  because  the  transparent  polycarbonate  laminate 
clamped  by  the  bolt  includes  a  soft  inner  layer  which 
distorts  when  excessively  compressed.  All  later  OT&E 
installation  met  the  two-threads-exposure  criteria  before 
installation.  Meeting  the  criteria  require  the  use  of  two 
custom  fit  1/4-inch  bolts  for  each  installation  to  attach  the 
stand  by  magnetic  compass  bracket.  No  other  problems  were 
noted  during  OT&E  unit  installation. 

Upon  release  from  Randolph  Air  Force  Base,  Functional  Check 
Flight  (FCF) ,  the  aircraft  were  returned  to  their  respective 
bases  and  scheduled  for  normal  operational  flights.  Crew 
debriefing  forms  were  forwarded  monthly  to  PPG  Industries  for 
tallying  flight  hours  and  summarizing  crew  debriefings.  Final 
installation  of  the  seventh  bird  impact  resistant  system  on 
aircraft  62-3750  occurred  in  October,  1986,  and  was  the  last 
aircraft  released  to  ATC.  Besides  monthly  summaries  submitted 
from  each  base,  PPG  Industries  made  two  on-site  inspections 
of  each  individual  bird  impact  resistant  transparent  system. 
The  first  inspections  were  between  March  26,  1987,  and  April 
9,  1987,  summarization  follows. 
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5.1  Individual  Inspections 


5.1.1  Columbus  Air  Force  Base  -  Tail  #0849 

Student  windshield  has  a  scratch  on  inboard  PPG 
8500  surface,  port  sill  location,  approximately  2- 
inches  long  and  1/8-inch  to  3 /16-inch  wide.  This 
scratch  was  made  by  a  clipboard  or  ring  binder 
causing  no  damage  to  the  polycarbonate. 

5.1.2  Vance  Air  Force  Base  -  Tail  #3721 

Student  windshield  has  two  small  scratches  on 
inboard  PPG  8500  surface  very  similar  to 
Columbus.  Some  bolts  have  been  retorqued. 

5.1.3  Williams  Air  Force  Base  -  Tail  #3616 

Many  small  scratches  and  nicks  noted  on  inboard 
PPG  8500  surface.  Again,  scratches  appear  to  be 
caused  by  ring  binder  or  clipboard.  One  small 
0.06-inch  diameter,  light  brown  spot  in  PPG  5300 
liner  just  right  of  centerline  has  not  changed 
since  fabrication. 

5.1.4  Randolph  Air  Force  Base  -  Tail  #8402 

Many  rubs  on  PPG  8500  inboard  surface,  but  no 
scratches.  A  good  cleaning  removed  all  marks. 

5.1.5  Laughlin  Air  Force  Base  -  Tail  #3251 

No  problems  with  windshield.  Very  clean 
windshield. 

5.1.6  Reese  Air  Force  Base  -  Tail  #3681 

No  change  in  PPG  5300  liner  small  bubbles  noted 
during  manufacturing  (Figure  10) .  Very  clean 
windshield. 
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BUBBLES  IN  5300  LINER 
S-14  342-54 


Figure  10.  Bubbles  In  5300  Liner  (S- 
14  Serial  #342-54) 
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5.1.7  Sheppard  Air  Force  Base  -  Tail  #3750 

Recent  cut  in  PPG  5300  liner  5  1/4-inches  forward 
of  aft  fairing  and  up  from  left  sill  6  1/2-inches 
approximately  2  1/4-inches  long.  Cause  unknown, 
but  made  by  very  sharp  object.  Location  of  cut 
was  not  a  critical  visual  area  and  structural 
damage  not  evident;  aircraft  will  continue  to 
fly.  Small  dimple  in  PPG  5300  liner  forward  of 
compass  area;  no  change  since  manufacture. 

None  of  the  transparencies  showed  any  signs  of  crazing, 
cracking,  delamination,  debonding  of  the  liner,  or  yellowing. 
Besides  the  inspections,  briefings  and  debriefings  were  held 
at  every  base  with  maintenance  personnel,  crew  chiefs,  flight 
safety  personnel,  instructors,  students,  pilots,  and  ATC 
personnel.  Items  covered  included  the  following: 

1.  Correct  cleaning  procedures. 

2.  Samples  of  cross  sections:  windshield  and 
composite  arch. 

3.  Comments  from  instructor  pilots  and  pilots. 

4.  Review  of  individual  rating  (monthly  summaries). 

5.  Discussions  on  problem  areas. 
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6.0  REVIEW  OF  T-38  PROGRAM  AND  TESTING  FOR  ATC  BASES 

Several  bases  requested  VHS  films  of  T-38  bird  strike  impact 
testing  for  review  and  educational  purposes  at  their  safety 
meetings,  a  VHS  tape  showing  a  failure  and  some  of  the  Flight 
Quality  Qualification  Test  Impacts  was  distributed  to  the 
seven  ATC  bases. 

During  inspections  it  was  discovered  that  Randolph  Air  Force 
Base  (ATC  Headquarters)  had  restricted  flying  to  daytime 
only,  because  of  decreased  vision  caused  by  composite  arch 
reinforcement.  Following  are  results  of  a  flight  by  Captain 
Schavrien,  T-38  Flight  Safety  Project  Officer,  and  Major  St. 
Sauver  of  ATC  Flight  Safety  Office. 

o  Major  St.  Sauver  and  Captain  Schavrien  flew  Randolph  Air 
Force  Base  aircraft  8402  on  June  15,  1987.  This  flight 
was  a  day /night,  out  and  back  to  Kelly  Air  Force  Base  to 
pinpoint  problem  areas  and  relay  them  to  PPG  Industries. 

o  Captain  Schavrien  flew  both  legs,  in  the  rear  cockpit 

and  noted  several  problem  areas.  During  day  flights  the 
beefed  up  bow  presented  some  visual  problem  because  of 
its  size,  but  nothing  that  could  not  be  handled.  Some 
distortion  was  observed  when  looking  through  windscreen 
near  the  edges.  Distortion  was  about  even  with  mirrors 
in  front  cockpit.  Tape  or  paint  band  may  cover  this 
distortion  as  the  windscreen  has  a  bigger  viewing  area 
than  production  acrylic  unit.  Night  flights  determined 
bow  area  to  be  the  major  problem.  The  bow  completely 
blocks  out  the  landing  threshold  area  until  in  the 
flare.  By  putting  (viewing)  bow  on  threshold,  you  are 
forced  to  look  above  bow.  This  part  of  the  canopy,  not 
the  windscreen,  has  distortion  and  Captain  Schavrien  had 
double  image  problems  with  the  vasis. 
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Major  St.  Sauver  complained  of  visual  problems  from  the 
front  seat.  Areas  1  and  2  {Figure  11)  were  distorted 
causing  the  ground  to  ripple  as  observed  from  front 
cockpit  only.  At  night,  the  lights  would  twinkle  as  they 
passed  through  these  areas.  During  transition  to  flair, 
it  was  very  difficult  to  judge  depth  perception  because 
of  this  distortion.  If  covered  without  correction, 
downward  visibility  would  be  greater  reduced.  The  pitok 
tube,  which  is  visible  on  aircraft  with  old  windscreens, 
could  not  be  seen  as  it  connects  to  aircraft  nose. 

o  Flight  Safety  Office  recommendation  was  to  continue  next 
generation  composite  bow  development  (Figures  12,  13, 
and  14),  Visibility  Impact  Comparison.  After  new  bow  is 
installed  with  possible  painting  or  taping  of  certain 
areas  that  have  visual  distortions,  the  new  windscreen 
should  be  further  evaluated. 

o  On  July  22,  1987,  PPG  Industries  provided  the  following 
list  of  items  to  help  in  painting  a  black  band  in  the 
reverse  curvature  area  on  seven  T-38  OT&E  test 
windscreens . 

o  Width  of  sill  area  to  be  painted,  1.25-inches 
maximum,  1-inch  minimum, 
o  Paint  flat  black  antiglare  #37038. 

o  MIL-C-83286  (FSN  8010000822450) . 

o  Use  plain  paper  or  kraft  paper  to  cover 
windscreen  during  painting.  Do  not  cover 
windscreen  with  bullhide  or  any  type  masking 
material . 

o  Masking  tape  may  be  used  to  define  area  to  be 
painted, 

o  Remove  tape  after  painting,  preferably  as 
soon  as  possible,  but  not  more  than  1-hour 
after  applying. 
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Figure  11.  Pilot  View  Of  Forward 
Windshield 
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o  Clean  area  to  be  painted  with  50/50  cleaning 
solution  before  painting. 

It  was  thought  that  by  painting  this  band  around  windscreen 
edge,  it  would  simulate  daylight  opening  (DLO)  more  closely 
than  old  style  acrylic  units  with  edge  attachment. 
Unfortunately  no  documentation  was  received  to  determine 
exactly  when  this  band  was  installed.  Since  July  1987,  was 
the  last  official  month  for  flight  reporting,  additional 
reporting  time  was  requested.  Several  bases  did  continue 
through  September  1987,  but  it  was  unknown  if  the  paint  band 
had  been  applied. 

Summarization  of  pilot  debriefing  reports,  actual  flight 
hours,  pilot  ratings,  and  comments  are  shown  in  Table  4. 
Individual  base  reports,  actual  flight  hours,  pilot  ratings, 
and  comments  are  summarized  in  Appendix  E.  Reporting  time 
periods  vary  per  individual  aircraft,  some  start  as  early  as 
August  1986,  with  the  latest  reports  through  September  1987. 
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Table  4.  T-38  Flight  Test  Summary 


Table  4 
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7.0  OPERATIONAL  TEST  AND  EVALUATION  PROBLEMS 


On  June  8,  1987,  there  were  cracks  reported  in  the 
transparent  panel  of  aircraft  3721,  Vance  Air  Force  Base.  PPG 
Industries  Project  Engineer,  Mr.  James  Ifyers,  examined  these 
cracks  on  June  16,  1987.  Two  cracks  were  present,  originating 
at  the  first  forward  bolt  hole  in  the  right  aft  corner.  The 
crack  nearest  twelve  o'clock  position  was  1.5-inches  long, 
and  located  in  3/ 16 -inch  inner  polycarbonate  ply.  The  second 
crack  was  at  the  2  o'clock  to  3  o'clock  position,  2-inches 
long  and  located  in  3 /8-inch  outer  polycarbonate  ply.  Neither 
crack  broke  the  surface  or  was  through  the  inner  layer.  Cause 
of  cracks  appeared  to  be  bolt  over  torquing.  Since  cracks 
were  not  in  the  same  location  and  did  not  extend  into  the 
DLO,  they  were  normally  not  visible.  Structurally  the 
windshield  was  sound,  could  handle  pressure  loads,  and  any 
impact  loads  for  which  it  was  designed.  During  developmental 
and  qualification  testing,  several  windshields  had  cracks  in 
the  primary  vision  area  larger  than  5 -inches  and  some  cracks 
the  length  of  the  windshield.  These  test  windshields  were 
impacted  multiple  times  in  different  locations  at  400-knots 
and  in  all  cases  met  bird  impact  requirements.  Permission  was 
given  to  continue  flying  aircraft  with  progression  monitoring 
for  continued  crack  propagation.  A  limit  of  6-inches  was  set 
as  the  maximum  length  of  crack,  before  aircraft  would  be 
grounded  and  windshield  replaced.  The  unit  continued  to  fly 
through  October,  1987,  and  was  replaced  in  November,  1987. 

On  August  4,  1987,  cracks  were  reported  in  aircraft  3681 
transparent  panel,  Reese  Air  Force  Base.  PPG  Industries 
Project  Engineer,  Mr.  James  l^ers,  examined  these  cracks 
August  11,  1987.  Upon  visual  inspection  a  crack  was  viewed 
from  the  outside  and  two  smaller  cracks  viewed  from  the 
inside.  The  large  crack  was  approximately  2.2-inches  long  and 
originated  from  the  second  bolt  hole  on  forward  fairing  left 
side.  Two  small  cracks  also  originated  at  the  same  bolt  hole. 
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All  cracks  were  in  the  3/ 16 -inch  polycarbonate  ply  and  none 
of  the  cracks  broke  the  surface  or  was  through  the  inner 
layer.  Again  permission  was  given  for  continued  aircraft 
flight.  Cracks  were  monitored  for  propagation  and  further 
propagation  was  not  reported.  This  unit  continued  to  fly 
during  June,  1989. 

January  1988,  Columbus  AFB,  tail  #0849,  unit  returned  with 
PPG  8500  inboard  coating  problem.  Coating  appeared  to  be 
cleaned  with  a  dry  and  dirty  cloth  resulting  in  fine 
scratches  in  the  PPG  8500  surface.  Scratches  were  polished 
and  unit  returned  to  service. 

February  1988,  Sheppard  AFB,  tail  #3750,  reported  cracks  at 
bottom  aft  bolt  holes.  Unit  was  inspected  and  permission  to 
fly  with  progression  monitoring  granted. 

March  1988,  Sheppard  AFB,  tail  #3750,  reported  urethane  paint 
over  spray  on  outside  surface  of  windshield  (PPG  5300  liner) . 
Aircraft  will  continue  to  fly  unless  visibility  restricted. 

April  25,  1988,  Vance  Air  Force  Base,  tail  #3721,  a  crack  was 
reported  in  replacement  windshield.  Crack  location  described 
was  up  rear  arch  at  the  third  bolt  hole  and  extending  forward 
approximately  2 -inches.  This  bolt  carries  wire  clip  for  the 
magnetic  compass  and  it  had  been  retorqued,  probably  causing 
crack.  Because  of  location  and  size  of  crack,  permission  was 
given  to  continue  flying  aircraft.  This  crack  was  not 
examined  by  PPG  Industries  personnel.  Crack  was  monitored  for 
propagation  by  Vance  AFB  maintenance  personnel,  and  no 
further  crack  propagation  has  been  reported.  This  unit 
continued  flying  during  June  1989. 

May  1988,  Sheppard  Air  Force  Base,  tail  #3750,  windshield 
replaced  because  of  paint  over  spray  reported  in  March  1988. 
September  1988,  Reese  Air  Force  Base,  tail  #3681,  some 
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peeling  of  PPG  8500  inboard  coating,  no  problem  with  crack 
propagation,  and  aircraft  will  continue  to  fly. 

November  1988,  Randolph  Air  Force  Base,  tail  #8402, 
windshield  replaced  for  milky  and  hazy  (bloom)  condition  of 
PPG  8500  inboard  coating. 

December  1988,  Laughlin  Air  Force  Base,  tail  #3251, 
windshield  replaced  for  milky  and  hazy  (bloom)  condition  of 
PPG  8500  inboard  coating. 

January  1989,  Columbus  Air  Force  Base,  tail  #0849,  windshield 
replaced  for  millcy  and  hazy  (bloom)  condition  of  PPG  8500 
inboard  coating. 

March  1989,  Williams  Air  Force  Base,  tail  #3616,  windshield 
replaced  for  milky  and  hazy  (bloom)  condition  of  PPG  8500 
inboard  coating. 
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8.0  FINAL  FIELD  INSPECTIONS  OF  OT&E  INDIVIDUAL  UNITS 


8 . 1  Individual  Reports 

The  following  individual  reports  cover  final  inspection 

of  the  seven  OT&E  test  windshields,  at  their  respective 

bases  in  December  1987. 

8.1.1  Columbus  Air  Force  Base  -  Tail  #0849 
Reported  120.4  flying  hours.  Student  windscreen 
has  many  scratches  on  PPG  8500  inboard  surface 
coating,  left  sill  area,  caused  by  clipboard, 
knee  board,  or  maintenance  binder.  There  is  no 
damage  to  the  polycarbonate  structural  ply.  There 
has  been  some  flaking  of  PPG  8500  coating  from  a 
scratch  that  was  inspected  in  March  1987. 

8.1.2  Vance  Air  Force  Base  -  Tail  #3721 
Reported  215.1  flying  hours  on  original  unit. 
Student  windscreen  was  replaced  in  early  November 
1987,  because  of  polycarbonate  cracks. 

8.1.3  Williams  Air  Force  Base  -  Tail  #3616 
Reported  267.5  flying  hours.  Student  windscreen 
has  many  small  scratches  and  nicks  on  PPG  8500 
inboard  surface  coating,  left  sill  area.  Very 
little  change  since  April  inspection.  Many  small 
rubs  on  PPG  8500  surface  were  removed  by 
cleaning. 

8.1.4  Randolph  Air  Force  Base  -  Tail  #8402 
Reported  125.1  flying  hours.  Student  windscreen 
has  many  rubs  on  PPG  8500  inboard  surface 
coating,  left  sill  area.  All  rubs  can  be  removed 
by  cleaning. 
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8.1.5  Laughlin  Air  Force  Base  -  Tail  #3251 

Reported  444  flying  hours.  Student  windscreen  has 
two  small  cracks  in  left  sill  area,  at  first  and 
second  #10  bolt  holes,  also  three  small  cracks  in 
right-hand  nose  area  under  front  fairing.  None  of 
the  cracks  extend  into  the  DLO  and  all  appear  to 
be  in  the  3/16-inch  polycarbonate  ply.  Cracks 
were  not  reported,  but  discovered  during 
inspection.  Permission  was  given  to  continue 
flying  aircraft  with  windscreen  monitoring  by 
Chief  Rydzfski.  Continued  crack  propagation  would 
result  in  windscreen  replacement . 

8.1.6  Reese  Air  Force  Base  -  Tail  #3681 

Reported  263.9  flying  hours.  Student  windscreen 
has  three  small  cracks  originating  from  second 
bolt  hole  on  forward  fairing  left  side.  All 
cracks  are  in  the  3 /16-inch  polycarbonate  ply  and 
no  cracks  break  the  surface.  These  cracks  were 
reported  in  early  August  and  after  examination, 
permission  was  granted  for  continued  flight.  In 
mid  October,  PPG  again  checked  cracks,  which 
showed  no  propagation.  There  is  a  scratched  area 
on  PPG  8500  coating  located  midway  on  left  sill 
area.  Damage  was  erratic  for  3  1/2-inches  and  the 
PPG  8500  coating  removed  from  two  areas  1/4 -inch 
wide  by  1-inch  long  and  1/8 -inch  wide  by  3/4 -inch 
long.  Close  visual  and  magnified  inspection 
confirmed  no  polycarbonate  ply  damage.  Again 
permission  was  given  to  fly,  barring  any 
complaints  for  optical  problems. 

8.1.7  Sheppard  Air  Force  Base  -  Tail  #3750 
Reported  225.1  flying  hours.  Student  windscreen 
showed  significant  healing  to  damaged  area  of  PPG 
5300  liner  inspected  in  April.  A  reported 
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spotting  problem  on  PPG  8500  coating  was 
inspected.  It  appeared  as  a  small  dimple  like 
mark  in  a  12 -inch  band  running  from  right -to- left 
and  approximately  12-inches  forward  of  aft  arch. 
This  condition  was  not  visible  to  pilots  and 
could  only  be  seen  at  severe  viewing  angles,  when 
not  looking  directly  into  a  light  source. 
Permission  was  given  to  continue  flying. 

None  of  the  windshields  showed  any  problems  with  PPG 
5300  outboard  liner.  Since  manufacturing,  documented 
small  bubbles  and  spots  in  PPG  5300  liner  have  caused  no 
problems,  nor  have  they  changed  since  installation. 

PPG  Industries  recognized  problems  with  PPG  8500  inboard 
coating  (peeling,  delamination,  hazing,  and  scratching) 
and  use  of  PPG  8500  coating  was  discontinued.  A  new 
abrasion  resistant  coating  PPG  9350  was  qualified  for 
use  on  F-111  aircraft.  This  coating  was  used  on  the 
Vance  AFB  replacement  as  inboard  abrasion  resistant 
coating.  PPG  9350  coating  would  be  used  on  all  future  T- 
38  parts  as  inboard  abrasion  resistant  coating. 
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9 . 0  OPTICS 


Transparencies  produced  under  this  program  met  Acceptance 
Test  Procedure  (ATP)  requirements.  PPG  Industries  conducted 
inspections,  as  necessary  to  declare  whether  transparencies 
met  the  optical  flight  quality  test  requirement  before 
delivery . 

9.1  Individual  Inspections 

Each  individual  transparency  was  inspected  for  both 
major  and  minor  defects  (cracks,  chips,  gouges, 
scratches,  embedded  particles,  bubbles,  seeds,  surface 
dimples,  deviation,  distortion,  haze,  and 
transmissivity) .  A  summary  of  each  transparency  by 
aircraft  number  and  PPG  serial  number  is  listed  in  Table 
5.  Individual  photographs  of  installed  transparencies 
follow  in  Figures  15  through  Figure  32.  A  legend  is 
shown  on  the  photograph. 

9.2  Optical  Test  Windshield 

PPG  supplied  WPAFB  with  transparency  Serial  No.  87-H-03- 
22-064  for  optical  testing.  These  tests  were  performed 
during  May  11  through  May  22,  1987.  Due  to  WPAFB 
windscreen  test  facility  construction,  tests  results 
were  not  as  controlled  or  precise  as  in  the  past,  nor 
were  all  tests  normally  conducted  administered.  The 
following  tests  were  performed  and  results,  as  well  as 
test  description  follow.  All  testing  was  performed  by 
Mr.  Bill  Kama  and  Mr.  Lee  Task  of  AAMRL/HEF. 

9.3  Minor  Defects 

This  test  involved  looking  through  windscreen  at  a  well 
lit  background  (in  this  case,  outdoors  in  sunlight)  to 
determine  the  presence  of  any  blemishes  or  defects 
(scratches,  bubbles,  inclusions,  etc.)  on  surface  or 
within  the  windscreen  itself. 
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Table  5.  T-38  Student  Windshield 

Optical  Evaluation 
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Figure  IG.  Photograph  -  .'.tu'leiit 
Final  optical 


Firjme  1-.  PhDt'oqiaph 
Pina]  (./ptic. 


Figure  13.  Photograph  -  Stn-ient 
Pi-  e  -  f  i  n  i  s  h  On  t  i  •  -  a  I 


Figviie  I'"'.  Photograph  -  Trih-.t.tuotwr 
Final  Optical 


diBvaiiviia 

gfiB««MBaaiiaiiaiiiia< 

fMBaaRiiaa«Baa«Ba 

taaaaaaaaaaaaaaa 

aaaaaaaaaaaaaaaa' 

laavaaitaaMaaaaaa 

iRRiiaaaBBaaaaaaa 


laaaaaaaaa^ 


a: aaaaaaa 


•awwMaRwaaaaaaaNaaaaaaaaaai 


Figure  22.  Photograph  -  Instructo 
Final  Optica! 


'  I  «■ 

CODE:  7-38  NOR-021 

SERIAL:  86-H-07- 1 3-234 
DATE:  7-25-86 

POSITION:  Student 

STAGE:  Final  Optical 


1 

- 

'!  ' 

' 

i 

i 

1  ^  •  ■  ■  ■  ( 
}  t  t  :  :  :  J 

ij ;  i 

If'’ 

1  t  !  i 

4 

>  I  t-lefitdSSVISS* 

I  I 
F  r  ts 

'  »«!«««•«■ 

I  F 

1  <5  IF  «)»««•«•• 

f 

F^  {!!«•«•»•«•■ 
«4ef>«c»««aa 
aaaaaaaaaa 
aaaaaaaaaa 
aaaaaaBBBa 


s: 


isir::  :fjb  ,  t 


aaaaBBBBB 
eaaaaaaaaa 
efiaaaaaaaB 
t:*s»aaa«aaa 
t-  iiaceaaaaaB' 
i.LCiiatfcaaBB 
t  I  »tt:ftare*aa 

t  I  Jit' i; f 

I  t  t-  (  t  »  F'tffcb* 

;  I  J  I  I  J 

■  '  t  i  F  I  t  -  F  F.  L  F  a 

;  I  i  I  l  l-J  F7«li»> 

•  i  M  I  F  F  t  b' 

I  !  (  t  I-  F  F  « 

I  I  7  F  I- 

•  :  •  .  ‘  fWB 


-n— 1 

1  W!>  ?  '■  '1  '1  “  *' 

ll  l|  '!  II  "  l|  ‘F 

■»  . . 

M-*-*  “  *■  ■■  ■' 

h-tf-H' 

i>  II  1  II 

i::::: :::::: 

"  ’  ■  ’  ■ — “  . . . 

-  Instructor 
n;il  Cipticnl 


Fiqiire  2;-i.  Ph 


Figure  29.  Photograph  -  Instructor 
Final  Optical 


98  95  a 

seo  »e  80  Hse 

M  OM 
ISO  «0N 


Figure  ?0.  Fhotrugraph 
Single  Exp- 


CODE:  T-38  NOR-021 

SERIAL:  86-H-10-05-001 
DATE:  10-8-86 

POSITION:  Instructor 


Figure  31.  Photograph  -  Instructor 
Final  optical 


aaBMH 


9.3.1  Results 

Several  scratches  were  noted  on  PPG  5300 
windscreen  liner  surface.  These  scratches  were 
located  in  the  right-forward  area  and  about  6- 
inches  from  windscreen  rear.  Project  Engineer, 

Bob  Pinnell,  was  apprised  of  this  finding  and  had 
the  opportunity  to  inspect  these  scratches.  They 
were  deemed  to  be  fixable.  Scratches  were  removed 
with  Novus  Plastic  Polish,  using  light  polishing. 

9.4  Distortion 

The  presence  of  windscreen  distortion  was  determined  by 
taking  photographs,  through  windscreen,  of  a  string  grid 
board  against  a  black  homogeneous  background.  Photos 
were  taken  from  the  design  eye  position  with  the  string 
board  position.  Windscreen  was  positioned  at  its 
approximate  installed  angle  position. 

9.4.1  Results 

Examination  of  windscreen  photos,  indicated 
little  or  no  distortion  present. 

9.5  Multiple  Imaging 

Multiple  imaging  was  determined  by  taking  photographs 
through  windscreen,  from  the  design  eye  position,  of  a  7- 
inch  by  7-inch  light-array  grid  board.  Grid  board  was 
located  approximately  20-feet  from  design  eye  position 
and  windscreen  was  positioned  at  its  approximate 
installed  angle  position. 

9.5.1  Results 

Examination  of  multiple  imaging  photo  indicated 
presence  of  a  strong  multiple  imaging  effect  in 
this  windscreen.  Photos,  Figures  33  and  34, 
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Figure  33.  Photograph  -  T-38 

Multiple  Image  Photo 


Figure  34.  Photograph  -  T-38 

Multiple  Image  Photo 


clearly  show  the  presence  of  not  only  intense 
secondary  images,  but  also  the  presence  of 
tertiary  images. 

9 . 6  Haze 

The  amount  of  windscreen  haze  present  was  determined  by 
using  the  backscatter  haze  meter.  Windscreen 
measurements  were  made  in  several  areas  (right  side, 
center,  and  left  side) . 

9.6.1  Results 

Haze  (1.13  percent)  was  found  to  be  well  within 
specification  (3.0  percent). 

9.7  Transmissivity 

The  transmissivity  of  windscreen  was  determined  by 
taking  readings  of  a  standard  light  source  (Illuminant 
C)  with  and  without  windscreen  interposed,  using  a  hand 
held  photometer.  Measurement  ratio  vdthout  windscreen, 
to  measurement  with  windscreen,  yields  windscreen 
transmissivity  value. 

9.7.1  Results 

Although  somewhat  low,  (59.3  percent), 
transmissivity  for  this  windscreen  was  deemed  to 
be  acceptable. 

9.8  WPAFB  AAMRL/HEF  Recommendation 

Based  on  results  obtained,  this  windscreen  to  be  flight 
acceptable  with  the  following  caveat: 

Presence  of  strong  multiple  imaging  effect  in 
this  windscreen  led  AAMRL  to  suggest  that  this 
windscreen  be  limited  to  daylight  flights  only. 
Multiple  imaging  may  severely  degrade  visual 
performance  during  night  flights. 
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9.9  Discussions  Of  AAMRL  Findings  And  Test  Methods 

A  meeting  was  held  at  WPAFB  on  October  7,  1989,  to 
discuss  AAMRL  findings  and  test  methods.  On  multiple 
imaging,  AAMRL  test  results  had  led  to  AAMRL 
recommendation  that  windshield  be  used  for  daylight 
flying  only.  ATC  restriction  prohibiting  night  flying  of 
aircraft,  with  the  OT&E  windshields  was  based  on 
instructor  pilot  (rear  cockpit)  inability  to  land 
aircraft,  due  to  blockage  of  viewing  area  by  aft  arch 
reinforcement  added  to  achieve  bird  impact  resistance . 
Although  OT&E  postflight  evaluations  specifically  asked 
for  multiple  imaging  evaluation,  relatively  few  negative 
ratings  were  noted.  Most  of  the  flights  reflect  daylight 
flying,  where  multiple  imaging  is  not  a  problem. 

There  was  a  minimal  number  of  post flight  evaluations 
from  night  flying,  but  these  evaluations  did  not  contain 
enough  negative  multiple  imaging  responses  to  draw  any 
conclusions.  Additionally,  it  was  discovered  during  the 
meeting  that  subject  windshield  was  not  positioned  at 
correct  installation  angle  during  WPAFB  AAMRL  testing. 
Since  multiple  imaging  was  the  only  negative  test  of 
those  performed,  it  was  agreed  that  the  multiple  imaging 
test  be  rerun  at  correct  position.  It  was  also  agreed 
that  AAMRL,  multiple  imaging  test  results  be  compared 
with  AAMRL  data  for  B-1  windshields. 

According  to  AAMRL,  a  level  of  acceptance  for  the  B-1 
windshield  had  been  loosely  established.  Considering  ATC 
night  flying  restriction  was  not  based  on  multiple 
imaging,  AAMRL  performed  additional  multiple  imaging 
tests  at  correct  installation  angle.  No  written  report 
was  ever  received  by  PPG,  but  verbal  word  was  relayed 
that  multiple  imaging  was  not  a  problem  when  windshield 
was  retested  at  correct  installation  angle. 
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AAMRL  testing  for  light  transmissivity  utilized  a 
technique  based  on  comparison  of  photometer . readings  of 
a  light  source  with  and  without  transparency  in  the 
light  path,  resulted  in  a  transmissivity  reading  of  59.3 
percent.  This  value  was  much  lower  than  the  values  (82 
percent  to  85  percent)  obtained  by  PPG  for  the  same 
windshield,  utilizing  present  standard  test  method  (FTM 
406,  Method  3022).  The  standard  method  used  by  PPG 
measures  the  combination  of  both  scattered  and  direct 
light  in  a  direction  perpendicular  to  transparency 
surface. 

The  AAMRL  method  measures  only  direct  light  through 
windshield  inclined  at  the  installed  angle.  According  to 
AAMRL  the  value  (59.3  percent)  is  representative  of 
values  obtained  for  similar  transparencies  using  the 
same  test  method.  PPG  read  numerous  coupon  samples  using 
the  standard  method  with  all  reading  in  the  82  percent 
to  86  percent  range,  well  above  the  minimum  requirement 
of  80  percent  for  this  windshield.  No  worlc  was  performed 
using  hand  held  photometer  by  PPG. 
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10.0  CANOPY  AND  WINDSHIELD  COVER  TESTING 

This  exercise  was  performed  and  documented  to  determine  if 
the  standard  T-38  canopy  and  windshield  cover  would  have  an 
effect  on  PPG  5300  surface  liner.  A  canopy /windshield  cover 
was  obtained  from  Randolph  AFB  and  sent  to  PPG  Industries, 
Huntsville,  Alabama.  The  cover  was  then  placed  on  bird  impact 
testing  fuselage.  This  fuselage  was  located  on  a  concrete  pad 
adjacent  to  Impact  Facility. 

This  location  permitted  the  test  item  to  be  exposed  to  all 
normal  environmental  conditions  occurring  between  September 
22,  1986,  and  January  20,  1987.  See  Table  6  for  T-38  Canopy 
Cover  Inspection  Log,  showing  dates,  time,  temperature, 
observations,  and  comments.  During  testing  period,  cover  was 
secured  in  place,  and  remained  on  the  transparencies  except 
for  the  time  when  visual  examinations  occurred. 
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Table  6.  T-38  Canopy  Cover 

Inspection  Log 
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LENGTH  OF  TIME  COVER  WAS  ON  AND  LOWER  TEMPERATURES 


APPENDIX  A 


BIRD  IMPACT  TEST  REPORTS 
T-38  ALTERNATIVE  TRANSPARENCIES 
MAY  29,  THROUGH  MAY  31,  1985 
INFORMAL  REPORT 
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BIRO  I^«»ACT  TEST  REPORT 
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1.0  OBJECTIVE 


The  objective  of  this  test  program  was  to  evaluate  the  T-38 
windshield  and  edge  attachment  design  as  a  unit  under  bird 
impact  and  environmental  conditions  combined.  Two  windshields 
were  to  be  impacted  with  four  impacts  per  windshield  as 
specified  in  the  T-38  Test  Plan-Bird  Impact  document. 
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2.0  TEST  PROCEDURE 


The  program  was  designed  to  impact  two  test  windshields  using 
Table  I  of  the  test  plan  for  temperatures,  locations  and 
speeds.  The  first  six  shots  of  the  table  were  to  be  included 
in  the  test  program.  Hot  temperature  would  be  generated  by  a 
thermal  heating  blanket  system  while  cold  temperatures  would 
be  reached  using  gaseous  Liquid  Nitrogen  as  a  cooling 
mechanism.  The  impact  locations  were  to  be  as  specified  on 
Figure  4  of  the  Test  Plan  -  Bird  Impact. 


3.0  TEST  RESULTS 


Five  bird  impacts  were  made  on  two  windshields  during  the 
completion  of  the  test  program.  The  first  test  window  (322- 
52)  was  impacted  at  401.62-knots  with  a  4.012-pound  bird.  The 
impact  (shot  #156)  was  made  9-inches  forward  of  the  aft  arch 
on  the  center  line  of  the  window  after  a  15-minute  soak 
period  at  an  outboard  surface  temperature  of  approximately 
210°F.  Just  prior  to  impact  the  electric  heating  blanket  was 
removed  which  caused  the  actual  surface  temperature  reading 
at  impact  to  drop  to  183. 7°F.  outboard  and  162. 6°F.  inboard. 
The  impact  produced  sufficient  deflection  in  the  aft  arch  to 
allow  bird  debris  to  enter  the  cockpit  area  and  strike  the 
witness  plate. 

Eight  thermocouples  were  positioned  on  the  windshield  for 
temperature  gradient  verification.  Two  of  the  required  three 
readings  were  taken  12 -inches  back  from  the  nose  on  the 
center  line  at  a  position  3-inches  up  from  the  sill,  one 
inboard  and  the  other  outboard.  The  third  reading  was  taken 
inboard  along  the  center  line  at  a  position  10- inches  away 
from  the  windshield  surface.  All  of  the  other  thermocouples 
were  positioned  as  shown  on  the  sketch  in  the  data  section  of 
the  report.  The  data  presented  has  information  headings  that 
are  not  representative  of  the  actual  locations  displayed  on 
the  sketch. 

Shot  #157  was  made  on  the  same  windshield  and  in  the  same 
location  but  at  room  temperature.  The  impact  was  at  137.2- 
knots  with  a  bird  package  weight  of  3.996-pounds.  A  small 
amount  of  debris  entered  the  cockpit  area  on  this  shot  as 
well . 
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The  third  and  fourth  shots  were  also  made  at  room  temperature 
on  windshield  322-52  but  in  the  sill-corner  location  as 
specified  in  Figure  4  of  the  Test  Plan  -  Bird  Impact.  Shot 
#158  was  a  404.6-knot  shot  with  a  4.018-pound  bird  that  did  no 
apparent  damage  to  the  structure.  The  last  shot  on  this  window 
(shot  #159)  was  made  at  136.98-knots  with  a  4.016-pound  bird 
and  also  produced  no  apparent  additional  damage  to  the 
windshield  system. 

Windshield  322-45  was  installed  for  the  next  sequence  of  test 
shooting  which  consisted  of  cold  and  room  temperature  shots. 
The  first  (#160)  was  made  after  a  cooling  soak  for  15-minutes 
at  approximately  -10° F.  outboard  surface  temperature.  The  same 
eight  thermocouple  locations  were  recorded  that  were 
previously  documented  for  the  hot  shot.  Just  prior  to  impact, 
the  enclosure  used  to  contain  the  cooling  gases  was  removed 
and  several  photographic  lamps  turned  on.  The  lamps  generated 
enough  heat  so  that  the  actual  test  temperatures  at  impact 
were  5°F.on  the  outboard  surface  and  40°F.on  the  inboard.  The 
impact  was  made  at  402.35-knots  with  a  4.002-  pound  bird  and 
proved  to  be  a  catastrophic  type  failure.  A  large  plug  type 
section  of  the  windshield  was  blown  out  in  the  impact  area 
which  was  located  at  a  point  9-inches  forward  of  the  aft  arch 
on  the  transparency  center  line. 
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DATA  RECORDINGS 
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PPG  I^CUSTRIES  -  BIRO  I^FaCT  TEST  REQUEST 


TEST  program 

NUhBER;  ISBSOt  ~ 

sample  identification  CODE;  322-5' 
TEST  DATE  REQUESTED:  5'-2  4-^5' 
PANEL  TYPE:  FULL  SIZE  K  26"x26'' 

MOUNTING  FRAME:  RIGID _ FLEXIBLE 

PANEL  CROSS  SECTION; 

S30O 

% 

.040  //2 


CotAai^  FB3LI^-8hC-  3403 

CHARGE  TO:  RTTr  - 

r  CLASSIFICATION:  - - 

REQUESTED  BY:  ~T.Ui.  /WvfelK - 

_  BOLTED _ CLAf4>^  OTHER 

:oi«,_x_  -7-.5S 

Butj) 


^tc  T^L 


iSOQ 


hi/U 

Coil 


77V6 


(1 


HIGH  S=EED  FILM:  YES  (X)  ^0  (  )  THERKOCOUPLES  YES  (X)  ^0  (  ) 

still  PHOTOS:  YES  (JO  (  )  STRAIN  GAGES  (FOUR  ONLY)  YES  (  )  fO  (X) 

CHICKEN  (X)  gel  pack  (  )  ATTACH  LOCATION  9<ETCH  AND  NUNBER 

f^’RsF  AiEmO  UJ.  P.  /?7»y  *fSS 


TEST  CONDITIONS 


REQUESTED  I  ACTUAL 


AKBIENT  TENP: 


^ENPERATURE  I^eOARD _ 1 6o**  F  ✓IhPACT  LOCATION:,  7  'fu>v  Afc//  (^L 

Temperature  outboard  2ioV  h^anR*/  INSTALLATION  ANGLE B7.S 

BIRD  WEIGHT  (  _ H  It)  4-01^^  I  SWEEP -BACK  ANGLE:  - - 

BIRD  SPEED  C^oTs^  Hc»  kioT^  ^  KftF*  FiG  4  1-38  liripfid' 

feF*  T-3g>  TE-VT  RPO  -3t<Z3>  Lrrsp^tSV _ 

TEST  RESULTS:  ^OT  .M3:  \  6^  TEST  DATE;  TESTED  BY:  l-i €G 


'TEMPERATURE  OUTBOARD 
BIRD  WEIGHT  ( 

BIRD  SPEED 


HH> 

HCX)  kle 


lx3)AjpSH\^L.o  9ftsseD  -  -^en-cwirreD  to 


’*  (Loc.ceiT''  AMO  /r^f’Ac.-r  LOiTrUtTiS  pcft-r€'. 


V  Tesr  re*^fe1Q^TuU€  VZoe(&  F/Ujia  ro  ^/noV«l>. 


DISTRIBUTION  BEFORE  TEST;  h.  GOODRICH,  P.  WALTERS,  i3RIGlNAT'0R 
OISTiRIBUTION  AFTER  TEST;  npicINATOR,  ^TlE,  h.  GOnORI.> 
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rr»j  A 


TEST  PROGRAM;^  T-38  R*l>  Cc^RAti  F334lS'-8l-C-3‘Yo3 

NP  rgut^ER;  lTOS~OI  ~  CHARGE  TO;  \UQ.  0372 -Z7 

SAkPlE  identification  CODE;  522“ aASSIFICATIQN; 

TEST  DATE  REQUESTED;  REQUESTED  8Y;  '  JI  Ul  fyiVgRS  ~ 

PANEL  TYPE;  FULL  SIZEJI^  26”x26  ~  BOLTED  CLAkPED  OThER 

MOUNTING  FRAME;  RIGID  FLEXIBLE  OTHER  x 
PANEL  CROSS  SECTION; 

S3oo  JJioeA 

l.eP  fl(,  1  T-38  TEsTTWrt- 

.OCo  1X2.  *Bll3>  liWPftcr 

■ft'Y 

QSoo 

HIGH  SPEED  FILM;  YES  C<)  MD  (  )  THERMDCOUPLES  YES  (  )  NO  (/) 

still  PHOTOS;  YES  (<)  IC  (  )  STRAIN  GAGES  (FOLR  ONLY)  YES  (  )  tO  (>C) 

CHICKEN  (K)  GEL  PACK  (  )  ATTACH  LOCATION  3<ETCH  AhO  NUfGER 


TEST  CONDITIONS 

REQUESTED 

ACTUAL 

A^eiENT  TE^P: 

TESPERATURE  I^e0AR0 

AmsiOJT 

Q.v 

^  INPACT  LOCATION;^*  FjT)  AFT  AecH  CL 

TENPERAT'JRE  OUTBOARD 

AmSIEuT 

/e.r- 

/  installation  ANGLE;  ^7*5“ 

BIRO  WEIGHT  ( 

4  fe 

3. ‘Hi,*- 

\  SWEEP -BACK  ANGLE;  ’ 

BIRO  SPEED  (VLtAm-il 

\3oW 

137A 

fi6.f  T-sa  TerrPwO- 

"Ref:  T-  ia  ~test  -Btfri)  Tm^^gr 


TEST  RESULTS;  ^^0T  1ST  TEST  DATE;  XS  TESTED  BY;  _ 

vtjeco  S^coi^o  livvp^or  j^r  P.oor^  TTgr^?.  oF  7o 

^V^A^>0^xr  op  6Tf.O  *’  C-OC^C "  /3-/0£7 

Ul3|T^^KS  PcftTe. 


PPG  WITNESS _ customer  WITNESS _ 

DISrRHuTION  3E»'0RE  TEST;  h.  •GHOORICH,  P.  WAtTEHS,  ^TRI-liNAIOfi 
QI>T,j;-?liT!n«g  a'-TER  TEST;  nRir.’NATJR,  FJlF,  h.  GOODRICH 


87 


i  A  ‘  ‘u  j  •  ■»>,  w  >v.  j* 


TEST  PR0GRAM:_  T-  38  K  th 

KP  NU^E^;  t^SSOt 

SA^PLE  IDENTIFICATION  mOE:  32Z-5'4 
TEST  DATE  REQUESTED:  S’- J4-¥sr  * 
PA/^L  TYPE;  FULL  SIZE  26  x26" 

HUNTING  FRAME;  RIGID _ FLEXIBLE_ 

PANEL  CROSS  SECTION;  JLiAjfiA 


tX)  QotjiMc^  F^.^C.IS-fil-d!-3^<o3 

CHARGE  TO;  vQo.  "037^ -Z7  ^  — 

classificaTIoFJI  - 

L; _  REQUESTED  6Y;  J.  UJ.  mVOLS 

6"  bolted _  clakped  other  - 

3le  other  57“  - 


•%  ■fi.4 

.oC>o  liZ 

b^OO  Co^TffOS 


Fig  1  T'38  t^stTLak)  - 

'^ipp  pwpAfiT 


HIGH  SPEED  FILM;  YES  fC  (  ) 

still  photos.  yes  6d)  M3  (  ) 

chicken  (X)  gel  pack  (  ) 


thermocouples  yes  pO  no  C  ) 

strain  gages  (FOUR  ONLY)  YES  (  )  NO  (X) 
ATTACH  location  S<ETCH  AMD  NUN6ER 


TEST  CONDITIONS 


may  \^bs^ 


REQUESTED  ACTUAL 


BIRD  WEIGHT  ) _ H  Ip 

BIRO  SPEED  ( yUDOTs)  HCO  H>3{4sl  ‘ 

'fer:  T-3a  T^T  Tuo  -* 


d.T. 

AMBI 

£fs/r 

i?.r. 

^lt 

Hco 

404.1. 

AnBIENT  TEkP;  _ 

iNPACT  LOCATION.  St  A  -  Cogo&g,  • 
installation  angle.  27. S** 

SWEEP -BACK  ANGLE: 


>Acrr 


“Ref;  fict{  t-38  testFUiO- 

^  B«ZD  *3iY»p**cT 


TEST  RESULTS;  3H0T  NO;  \S'b  TEST  DATE;  TESTED  BY; 

liiiOoocc.  9f*cSSEo  3JL.0  \f^9P<jr.  ^xu.Jcofi.AJe'i^  Z-6>o«^'o^  Pdtoucs’o 

rOo  PSfJST'tLA^rioio  o(L.  y^PD/n^/u/H, 


PPG  WITNESS _ 

OISrRi^UTION  BEFORE  TEST. 
01  ^TPJSi  IT  Ji'iN  AFTER  T-ST. 


_ CUSTONtR  WITNESS _ 

H.  GOODRICH,  P.  .»A:TEHS,  'TR  Ml  NAT -DR 
OR : :  NA  r  JR ,  f  i lf  ,  h  onoPR  i  ch 
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5) 


HKij  iNUuai><ii6  -  aiKU  IH-'aLi  it^i  ntjiJt’si 


TEST  procbam;  T- 38  Coijj-ftAci  3Ho3 

^P  NUnGE^:  tSlBS'ol  CHARGE  TO:  UX>.  372  -ZT 

sample  identification  CODE:  322 -S_2.  CLASSIFICATION: 

TEST  DATE  REQUESTED:  5r2‘?-*8S  _  REQUESTED  BY. •  T.UJ.  rtlu^Aje. 

PANEL  TYPE:  FULL  SIZTk  26  x26"  BOLTED  CLAhPED  OTriER 

MOUNTING  FRAME:  RIGID  FLEXIBLE  OTHER  ^  - 

PANEL  CROSS  SECTION: 


.060  nz 

^Ac.  • 

dSOO 


HIGH  SPEED  FILM:  YES  0<)  Kl  (  )  THERMDCOLPLES  YES  (  )  NO 

still  PHOTOS:  YES  OO  M3  (  )  STRAIN  GAGES  (FOLR  ONLY)  YES  (  )  MD  CK.) 

CHICKEN  {>C)  GEL  PACK  (  )  ATTACH  LOCATION  S<ETCH  AMD  NUKGER 


SJoo  >6mg^ 
%/y 


^sr:  Fi^  1  T-3& 


TZST  FLAIO- 

B/rd  impact* 


TEST  COMDITIONS 

REQUESTED 

actual 

TEMPERATURE  IMBOARO 

AmBteoT 

TEMPERAT'JRE  OUTBOARD 

fl^AieuT 

t-T. 

BIRD  WEIGHT 

iV  l^) 

A-o\(o^ 

BIRO  SPEED 

\1>0  WnoTS 

AveiENT  TENP: 


✓  IKPACT  LOCATION:  Sill  •‘QotUXfi. 

'  O 

installation  ANGLE:.  a7.9 
SWI 


SWEEP -BACK  ANGLE: 


1ReF:  TgST  XmpAgT 


F\c»4  T-3e»  TestTUm- 
Bveo 


TEST  RESULTS:  SHOT  .nQ;  TEST  DATE:  5'3t>- ^  TESTED  BY: 


[SS\,<iOo^  ATkt  LoVj^  ME-LOojT^ 

f(LoOoo60  Ko  Ve'Ner/LA-r/o/O  pA.  fV00i3-/<iiO<H^  D^/n/V<sff. 


PPG  WITNESS  CUSTi.WM  WITNESS 


DISTRIRUTIJN  before  TEST;  H.  GPOORICH,  R.  WA,  TEHS,  'TRICiNAFDR 
01  ST^^:■all^  JON  AfT'-'R  TEsT.  OR  I  I !  NA  T  DR  ,  FJlF,  h.  GOODRICH 


I 
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Kf-Ij  1  'VU'JSI  r<m 


OiKU  i^A»l.  ■  IC.3>  ncgijt'al 


T-38  'RiD  CoJiiflct  F334JS-8l-C-3‘to3 

iSBSOI  CHARGE  TO;  WJ.n. 

sample  identification  CODE;  32Z -vs  aASSIFICATIQN; 


TEST  program 
NUNCER 


TEST  DATE  REQUESTED ;  ^-30  -igS* 
PANEL  TYPE:  EULL  SIZE  X  26  x26‘' ~ 

MOUNTING  FRAME:  RIGID _  FLEXIBir 

PANEL  CROSS  SECTION: 


REQUESTED  8Y:  (YIHER.^ 

BOLTED  CLAVPEO  OTHER 
“OTHER  yl 


B3oo 

.060  nz 

8  goo  CjBfrrt/i  <* 


T^F:  F14.1 


T-38 

BiRP 


HIGH  SPEED  FILM:  YES  ()C  fCI  (  ) 
still  PHOTOS:  YES  (jO  NO  (  ) 

CHICKEN  «}  GEL  PACK  (  ) 

'VeF^  ME«10  VJ.p.'T>iuoELL- 


THERKOCOLPLES  YES  (jO  ^0  (  ) 

STRAIN  GAGES  (FOUR  ONLY)  YES  (  )  hO  (/) 
ATTACH  LOCATION  9<ETCH  AMD  NUh€ER 


TEST  CONDITIONS 

REQUESTED 

ACTUAL 

TEMPERATURE  INBOARD 

25  *P 

4c"F 

(tEnPERATURE  OUTBOARD 

5*F 

BIRO  WEIGHT  C 

A.ooa.^ 

■ ■  ■■  '  V 

BIRO  SPEED  CvjooTsX 

MooiCurfs 

Aca.iS 

A^eIENT  TElPi  _ 

KPACT  lqcatiqni^VujD  AFt  Aieeil  CL 


r 

r|  installation  angl 
V  SWEEP -BACK  ANGLE: 


IfeF:  F!c;.ll  t-38  T6srB/w- 


1^gF;  T^38  tfstTURk)  ‘‘Bird  TmpAcT _ 

TEST  RESULTS:  SHOT  NO:  tCflO  TEST  DATE;  5*31- S?  TESTED  BY; 


^V^3C)^^■^-leuO  fw/cACcy.  J/W^A<ir  fc^crts, 

feu.CC-5Ki  0OT-, 


y. 

t.'E«Pe/wvwt«-  ft»ss: 

U6*Hn»^^  TuSTpp^Ol-  To  l»A.fAcr. 

PPG  WITNESS _  CUSTQ^CR  WITNESS _ _ _ 

DISTRHUTION  atroRE  TEST;  h.  Ci^DDRICM,  p.  WAj  T-.KS,  nRI.'iNATOR 
01  STRISL'T  I'lN  AFTER  TEST;  OR!  .'.InATJW,  FIlF,  OTTOORICH 
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Dn.'f  u<tHr 


O  WBoKgwD  T/c 


THERMOCOUPLE  LOCATIONS 


92 


20*.t 


}  I 


j 


«••«•••«•••«••«•••«•««•«••••««•••••••« 

S  «*%  KK.KA*«»«»Xr^ ««s  «i#.  «««<«• 


■  I  ■  ■  I  *  >  I 


A  * 


•  •••••«•«•••••••••••••••••«•••••«•«•••••••««*••*••••••••••••»• 

▼  o  I 


<w^i^i^Toe»0  wm^m 

Q  »■>»»*>#>> >»»»» »M» N.^ ■■■*  — < — — ^  — ■■■■■■i*  — — ^umih  . .  i 


4  ooow.io#^^^ »i^»  mnmm^m 

.  •■•■••••••••••••••••••■«•••••••••••••••*••«••••••*•••*•••••*•***•***  *  *  *  _*  •  •  •  •  •  • 

^***S?^>ti?SC>?!?!^i?^^S35!^SiiSSSWnSSSS?{S?iSwwi»S{»wr>w»<iW^^^^SS^SSS»BStSSS*^ 

il  •••••••••••••••••••*•••••«•••■•••••••«••••••  •  ••  •••••••••  •  •_T  _y_T-*  •  •  *  -*  ■* -*r*  ?  *.*  y 

Oixuw».— »w»»i».i»K.K<'«'»'«»»**wi«i.«— ♦w^*«ii«>i^»^^wi«i..»»*^'»-*^«rmtwi««i««  ■ 

®  .  !  ' 

U  —  ininwi»  «in"»  »o  n.> »  »o*«>«»>  «wwi  i« >■<»'»<— .»«>»i»»»H^  —  *»  ■».>,>  OW«wWKkwww»iK»wo» 

■  •••••*•••••••••••••••••••••••••«••••••••••••**••••••«•••••••  •  •  •  •  •  •  •  •  •  _•  •  •  •  •  *  *  *-* 

mm9^9mmi099mm 

M  t  *  t  t  *  ^rnmm  •  —  «••• 

X  m  «  •  *  • 


^  ss9(:sietss»»(s^»ffiss»»s9»s»(»ss»(sssfitsx9essts!tss»tsx9e»(st«s  9s»9ssaiisas» 
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PHOTOGRAPHS 
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Photograph  #1.  Overall  Pre-Test  Setup 
Shot  //156 


Photograph  #3.  Heat  Blanket  Pre-Test 
Setup  Shot  #156 


101 


Photograph  #5.  Post-Test  Arch  &  Canopy 
Shot  //1 56 


Photograph  #6.  Post-Test  Center  View 
Shot  #156 
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Photograph  //8.  Post-Test  Side  View 
Shot  #156 


Photograph  P9 .  Post-Test  Lower  W/S  & 

Canopy  Prame  Shot  JU  56 


Photograph  /HI.  1/4  Point  Close  Up  View 
Shot  Hbb 


/'15f) 


Plidtograph  //1 3.  Close  Up  View  Of  Hinge 
Shot  #1 3b 


Photograph  //1 5.  Zoom  View  Of  Hinge 

Left  Side  Shot  //156 


Photograph  //16.  Bottom  Corner  Aft 
Frame  Shot  #156 


3 


Photograph  #17.  Composite  Arch 

Reinforcement  Shot  #156 


Photogrpah  //18.  Composite  Arch 


Photograph  //19.  Close  Up  Of  Hinge  6, 
Hinge  Pin  Sliot  //1 56 


nopy  &  Frame  Post 
St  Sliot  //1 56 


Shot 


Photograph  //25.  Pre-Test  Setup  Cold 
Shot  Shot  #160 
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Photograph  //29.  View  0£  Aft  Arch  From 
Aft  Shot  #160 


Photograph  //30.  View  Of  Aft  Arch  From 
Forward  Shot  #160 


APPENDIX  B 


BIRD  IMPACT  TEST  REPORTS 
T-38  ALTERNATIVE  TRANSPARENCIES 
AUGUST  9,  THROUGH  AUGUST  15,  1985 


BIRO  IMPACT  TEST  REPORT 
T-38  ALTERNATIVE  TRANSPARENCIES 
8/5/85  THROUGH  8/15/85 


PPG  IICUSTRIES,  INC. 
AIRCRAFT  PRODUCTS  DIVISION 
TECHNOLOGY  DEVELOP»€NT  GROUP 
HUNTSVILLE,  ALABAMA 


PREPARED  BY: 


H.  E.  Gfiodrich 
Senior  Development  Englrecr 


Date 
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1.0  OBJECTIVE 


The  objective  of  this  test  program  was  to  evaluate  the  T-38 
windshield  and  edge  attachment  design  as  a  unit  under  bird 
impact  and  environmental  conditions  combined.  Four 
windshields  were  to  be  impacted  with  the  number  of  impacts 
per  windshield  and  frame  numbers  used  as  defined  by  the  test 
results  of  earlier  shots  and  also  by  the  preceding  shot 
evaluations. 
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2.0  TEST  PROCEDURE 


The  test  program  was  to  be  managed  using  the  test  evaluations 
of  previously  conducted  shots  as  well  as  the  data  generated 
by  the  immediately  preceding  test  shot  results.  All  impacts 
would  be  done  with  four  pound  birds  at  velocities  determined 
by  the  program  director.  This  approach  was  chosen  to  allow  a 
definition  of  the  penetration  velocity  of  the  transparency  at 
specific  test  temperatures.  The  test  temperatures  were  to  be 
either  ambient  room  temperature  or  cold  (25®F) . 
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3.0  TEST  .RfiatfLTS 


Six  bird  impacts  were  made  on  four  test  windshields  during 
the  completion  of  this  portion  of  the  test  program.  Two  of 
the  windows  were  impacted  twice  with  the  remaining  two 
tested  only  once. 

The  first  shot  (#184)  was  made  at  393.1-lcnots  on  windshield 
number  322-54  with  a  4.002-pound  bird  at  a  room  temperature 
of  70°F.  The  window  passed  with  no  major  damage  other  than  an 
approximate  permanent  deflection  of  1/4-inch  in  the  aft  arch. 
Several  pieces  of  the  arch  material  were  removed  by  the 
impact.  The  test  also  permitted  a  few  pieces  of  bird  residue 
to  hit  the  witness  plate. 

Shot  #185  was  conducted  on  windshield  number  322-72  with  a 
4. 012 -pound  bird  at  400. 9 -knots  and  proved  to  be  a  failure. 
The  impact  was  made  after  cold  soaking  the  panel  at  25®F  for 
a  period  of  15-minutes.  A  flap  of  some  12-inches  by  8-inches 
opened  up  in  the  impact  area  and  allowed  bird  to  enter 
cockpit . 

Shot  #186  was  conducted  on  windshield  niimber  322-57  after  a 
cold  soak  as  described  for  the  previous  shot.  The  speed  was 
393.2-knots  with  a  4.014-pound  bird  and  also  proved  to  be  a 
failure.  Again  an  approximate  12-inch  by  8-inch  flap  was 
opened  allowing  some  bird  to  enter  the  cockpit  area.  Several 
cracks  were  generated  from  the  flap  area  toward  the  forward 
arch.  These  first  three  shots  were  made  at  a  location  9- 
inches  forward  of  the  aft  arch  on  the  center  line  of  the 
windshield. 

Shot  #187  was  made  on  panel  number  322-54  which  had 
previously  been  impacted  on  shot  #184.  The  impact  point  on 
this  test  was  located  6-inches  aft  of  the  forward  sill  on  the 
center  line  of  the  panel.  The  shot  was  made  at  room 
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temperature  with  a  4.016-pound  bird  and  a  velocity  of  396.2- 
knots  and  the  window  passed.  Cracks  from  the  previous  shot 
damage  propagated  across  the  windshield  center. 

Shot  #188  was  conducted  at  room  temperature  at  the  center  of 
the  window  on  the  center  line.  Windshield  number  322-52, 
which  had  been  tested  on  shot  numbers  156,  157,  158,  and  159 
was  again  used  for  this  test.  A  4. 002 -pound  bird  impacted  the 
windshield  at  392.5-knots  without  damaging  the  panel.  There 
was  no  penetration  nor  visible  damage  from  the  test. 

Once  more,  windshield  number  322-52  was  used  on  shot  #189. 

The  impact  location  was  changed  back  to  the  same  position  as 
used  in  the  first  three  shots  namely  9-inches  forward  of  the 
aft  arch  on  the  center  line  of  the  window.  This  time  the  test 
was  conducted  after  a  15 -minute  cold  soak  at  25“F.  The  impact 
was  made  at  302.1-knots  with  a  3.998-pound  bird  and  produced 
no  damage  to  the  window. 

Copies  of  all  of  the  test  data  sheets  appear  in  Appendix  I. 
Photographs  of  a  typical  test  set  up  and  post  test  results  of 
each  test  appear  in  Appendix  II. 
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APPENDIX  I 
DATA  RECORDINGS 
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PPG  INDUSTRIES  -  BIRO  INPACT  TEST  REQUEST 


TEST  PROGRAM;  T- 38  7?  A  "D  CoA 

t>P  NUNSER;  /S'SSo) 
sample  identification  CODE;  322  - 
TEST  DATE  REQUESTED;  -«5 

PANEL  TYPE:  FULL  SIZE^ZT^Sx^?^ 
MOUNTING  FRAME:  RIGID  FLEXIBLE" 

PANEL  CROSS  SECTION: 

S3oo  Jst^eA 

^/0 

.060  p?6  nz 

8/l(,  Thlyf 

8  SCO  CoATiUS 

HIGH  SPEED  FILM;  YES  (X)3  NO  (  ) 
still  PHOTOS;  YES  ^ )  NO  (  ) 

CHICKEN  ()<}  GEL  PACK  ( ") 


V33US  -ei-H  -  3V03 

_ _  CHARGE  TO ;  (OO  322 -SI 

2  -rV  CLASSIFICATION; 

5  REQUESTED  BY;  M.W.'mMJU 

26''  BOLTED  X  CLAMPED^  OTHER 
- 0THER__2j _ r«Mni£  *  13(J^ 


T?®?-  FiaoRE  1  T-3g  Test  PiAO.?!!® 
^^£^C€l^  AFT  ctjHtoAAb  Rer/jf/ueJi, 


THERMOCOUPLES  YES  (  )  NO  ( <) 

STRAIN  GAGES  (FOUR  ONLY)  YES  (  )  NO  (X) 
ATTACH  LOCATION  3<ETCH  AMD  NUMBER 


TEST  CONDITIONS 
TEMPERATURE  INBOARD 
TEMPERATURE  OUTBOARD 

BIRD  WEIGHT _ 

BIRD  SPEED 


REQUESTED  |  ACTUAL 


/waiEjuT" 

no"F 

AnGrftiEK)T 

no*"? 

*4  Ib 

A". 

40O  kioffTS 

3^3.\ 

AMBIENT  TEMP:  _ 

IIPACT  LOCATION; <?VrtP  tf 
INSTALLATION  ANGLE;  27.5 


Tfesr  PUjJ 


TEST  RESULTS;  SHOT  ,'0:_  184  _  TEST  DATE;  6/9 /gS  TESTED  BY;  H-g-g. _ 

O  t^o  ^eKJeruvrioio .  /vjtcrt  saou>s 

\)e^LJBcriTiP*  ?\ecjss  of  6.i*-o  o/^ 

LJvrNT€<is  fc^TG.  5Te.ftP  PE6:<jG0  i»J  )MPA<.r  At€A 


DISTRIBUTION  BEFORE  TEST;  h.  GOODRICH,  P.  WALTERS,  iDRIGINATOR 
distribution  after  TEST;  ORIGINATOR,  FIlF,  H.  GCOORICH 
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PPG  IlvOUSTRIES  -  BIRO  iNPACT  TEST  REQUEST 


TEST  PROGRAM 

NUNBER: _ _ 

SAMPLE  IDENTIFICATION  mOE:  32Z-1 
TEST  DATE  REQUESTED;  t2.-^S 
PANEL  TYPE:  FULL  SIZE_y_  26  x26" 

MOUNTING  FRAME:  RIGID _ FLEXIBLI 

PANEL  CROSS  SECTION: 

•  OC/>  PP^  ttz 

55*00  Ce^TfiJG 

HIGH  SPEED  FILM:  YES  (X) 3(0  (  3 
STILL  PHOTOS:  YES  (X)  NO  (  ) 

CHICKEN  (>^)  GEL  PACK  (') 


1?i*b  Co>y|gAct  F3-3>^IS -gf-g-34o3 

_  _  _  CHARGE  TO;  LJO  -  3Z2. -S I 

322-12  CLASSIFICATION: 

2~g5  REQUESTED  BY: 

26“x26" _ BOLTED  X  CLAKP^^  OTHST 

fl£xiblCI:other.JK1_ 

FIGU«5  1  T*-38  test  H/w --BiitD  Imprt<.T 
HetctL  A^T  Aec.>j  ooTBoAgD  Veta/job/z. 


THERIOCOUPLES  YES  pf)  NO  (  ) 

STRAIN  GAGES  (FOL«  ONLY)  YES  (  )  lO  P<) 
ATTACH  LOCATION  3<ETCH  AND  NUMBER 


TEST  CONDITIONS 
TE(^ERATURE  INBOARD 
TENf^ERATURE  QUTBOARC 

BIRD  WEIGHT _ 

BIRO  SPEED 


REQUESTED 

ACTUAL 

5oF 

+  25  **  F 

Hit 

AOiX 

Moo  kiocrrs 

4oo.^ 

BSRIi 

-t 

AMBIENT  TENP: 


INPACT  LOCATION:' 


INSTALLATION  ANGLE:  27. £ _ 

SWEEP -BACK  ANGLE: _ 

^ 'ReE  riG.  H  T-38 

Tfesr 

rtefO 


DISTRIBUTION  BEFORE  TEST;  h.  GOODRICH,  P.  WALTERS,  ORIGINATOR 
DISTRIBUTION  AFTER  TEST;  ORIGINATOR,  FIlE,  H,  GOOORICH 

^  TeiA?.  f\fre(L  kioote:  scax-  at  a.5®F.  137 


Shot  #185 


T-38  Bird  Impact 
Thermal  Data 


8-12-85 


Time  T/C# 


1 

•n 

4 

5 

1 :  15 

80 

80 

83 

78 

77 

1:20 

57 

61 

77 

77 

66 

1:25 

32 

37 

70 

73 

65 

1:28 

32 

66 

68 

60 

1:33 

26 

.  59 

60 

63 

1:38 

23 

26 

S3 

55 

63 

1:42 

r>«r 

50 

51 

63 

1:44  IMPACT 

4 
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PPG  IIOU5TRIES  -  BIRD  II^ACT  TEST  REQUEST 


TEST  PROGRAM;  T-36  1?  t  “D  C)u-heAc.‘V  -c- 3Hd'3> 


tP  NU^eER;  ISTBgol _ 

SAMPLE  IDENTIFICATION  CODE:  322-57 

TEST  DATE  REQUESTED 

PANEL  TYPE:  FULL  SIZE  X  26  x26" 

MOUNTING  FRAME:  RIGID _ FLEXiaLE_ 

PANEL  CROSS  SECTION: 

^3oo  L»J€A 

3/ 8  7^h 
.  ow  ilZ 
3/ f  (o 

SSCO  CoAt/aJQ  iKJBortA?) 


CHARGE  TO;  MQ 

CLASSIFICATION: _ 

REQUESTED  BY:  4.U).y77u£44 
BOLTED  y  CLANPED'  DIVER 
OTHER  X 


fkfirrtE  ISno 

c\d.  CcnqpoilTt  MKTQL]fkL 


n&OB£  1  “T-aB  TEST  “PlftiO 

SMia)L6S5  SfeeL 
'RcTAHOEft.  ‘R€moo6T>  'BeFbf2£  2mf^T 


HIGH  S^ZEQ  FILM:  YES  0<)3KI  (  ) 
STILL  PHOTOS:  YES  (>£)  NO  (  ) 

CHICKEN  (X)  GEL  PACK  T) 


thermocouples  yes  (X)  NO  C  ) 

STRAIN  GAGES  (FOUR  ONLY)  YES  C  )  NO  (>0 
ATTACH  LOCATION  S<ETCH  AND  NUNBER 


TEST  CONDITIONS 

REQUESTED 

ACTUAL 

TENPERATURE  INBOARD 

tenperature  outboard 

+  25  "  f 

BIRO  WEIGHT 

M  It 

A. OVA- 

BIRO  SPEED 

Hoo  ko<yrs 

AT  PoR  iS*  mtKi  tHEiO 


AMBIENT  TENP;  _ 

^INPACT  LOCATION t<tV»A/D  AH' Afi!il 
I  INSTALLATION  ANGLE:  27.£® 


\SWEEP-8ACK  ANGLE: _ 

^  T^EF.  FI 6.  If  T-iS  TEST PtlVO 

SilcoT 


TEST  RESULTS:  SHOT  .NO:_  18C:  _  TEST  DATE;  g/ 13 /^g  TESTED  BY;  /V-C.g. 

<SbSevV|«-ior<i'.  FPdCJED.  ^U?tp  Ot-"  ^s")  iKi  1IA?a<.t 

Arf-eN.  SevcUM^  Q.wp»cjfjs  ToL>iA-VO  ?oUinvl-0 


MOrV  P40PV  Plm  edge-. 


CUSTOMER  WITNESS 


distribution  before  test.  h.  GOODRICH,  P.  WALTERS,  ORIGINATOR 
DISTRIBUTION  AFTER  TEST;  ORIGINATOR,  FILE,  H.  GOODRICH 

^  TeMf.  KFTtO-  1*3  INMWorET  AT' 


T-38  Bird  Impact 

Shot  #186  Thermal  Data  8-13-8S 

Time  T/C# 


1 

3 

4 

5 

1:17 

51 

55 

84 

83 

70 

1:26 

26 

31 

62 

74 

71 

1  Cooling  o-ff  for  8  min. 

1:29 

24 

28 

70 

70 

65 

for  camera  film  loading 

1:31 

27 

34 

66 

65 

1:34 

23 

28 

60 

60 

65 

1:38 

24 

28 

55 

56 

65 

1:43 

24 

26 

51 

52 

72 

1:45  IMPACT 
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PPG  INDUSTRIES  -  BIRD  IMPACT  TEST  REQUEST 


TEST  PROGRAM;  T-3S  ^RiD  Caof/Mct  r336/^»»fll -C -340-^ 
hP  NUNeER:_  is&roi  CHARGE  TO;  4lO  ■  1 

sample  identification  CODE;  322-S¥  CLASSIFICATION^ 

TEST  DATE  REQlESTED;  8~N~8S _  REQUESTED  BY;  ^,Cd.TVIati^ 

PANEL  TYPE;  FULL  SIZE  X  26"')^  BOLTED  X  CUP^tf  OTHaT^ 

HUNTING  FRAME;  RIGID  FLEXIBLE  OTHER  IT"  „  ..  - 

PANEL  CROSS  SECTION;  rRAmC  ”'|3C.8 


S3oo  LiioeR. 
3/e  To  Iff 
,0^0 

3jiL  ft/y 

QSoo 


IteF  F\<iOB£  X  T-38  Test  71^ iO 

BlKD  XmpAcr 

TV\\a  13w£L  ffeei^iooslw  /Mpflcrro 

sHot  ^  184 


HIGH  SPEED  FILM;  YES  (y)3l^  (  ) 
still  PHOTOS;  YES  1?^)  NO  (  ) 
CHICKEN  GEL  PACK  (  1 


THERMOCOUPLES  YES  (  )  NO  (5<) 

STRAIN  GAGES  (FOLR  ONLY)  YES  (  )  ND  (JO 
ATTACH  LOCATION  3<ETCH  AND  NUNBER 


TEST  CONDITIONS 

REQUESTED 

ACTUAL 

TENPERATURE  INBOARD 

MiSAjr 

nts/'f 

TESPERATURE  OUTBOARD 

A/rt6lEA3T 

BIRD  WEIGHT 

>4  Ih 

4o\(- 

BIRO  SPEED 

Hdo  fcoors 

3%.V 

AMBIENT  TENP: 


^IPACT  LOCATION;  oF  /IaU 


INSTALLATION  ANGLE;  27.  B 


1?£F.  RC.  q  t-38  test 

'BiJZD  3j»tpAcT 


SWEEP -BACK  ANGLE: 


TEST  RESULTS;  SHOT  .NQ;  I  87  TEST  DATE;  g//<i-/gS'  TESTED  BY;  U-C-g. 

b^\s  Passed*  filok\  f  SLe\ivoosL'^  shqt- 

/VT  K-Ft  M-cjA  PiLof^(iA-TErf)  Aci-cis  UxU 


PPG  WITNESS 


CUSTOMER  WITNESS 


OISTRieUTION  BEFORE  TEST;  h,  GOODRICH,  P.  WALTERS,  ORIGINATOR 
distribution  after  TEST;  ORIGINATOR,  FILE,  H.  GOODRICH 
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PPG  IM3USTRIES  -  BIRO  iNPACT  TEST  REQUEST 


TEST  PROGRAM: 
NP  NUhCER: 


T-36  Oo»*ieAc.t 


i5gSoi 


SANPLE  IDENTIFICATION  CODE;  32.Z-SZ 
TEST  DATE  REQUESTED;  0->S-BS 


CHARGE  TO;  WO~322-ei 


PANEL  TYPE:  FULL  SIZE 
MOUNTING  FRAME;  RIGID 
PANEL  CROSS  SECTION; 

S3oo 

3/s 

.060  ?pb  HZ 
J//G  My 

iSoo  CoftnNQ 


IZ  26"x2S' 


flexible 


CLASSIFICATION; _ 

REQUESTED  BY; 

BOLTED  X  CLAKPEOf'  OTiER 
‘OTHER  X 


Ffifime  *  \5lO 


"BeeuiooslY  iwp^tfirD  ^ 

“Rffp.  P/dofeC  1  t-38  Test  PUaJ 

■Bifti)  zmp-^tT 

SLSc  ‘Rrnj/A/ae  'Be-pcAS  Tn7/o^c,T, 
THis  PaueL  "T^uiasslcj  irnpAcTEO  4P  157^  /.S? 


HIGH  SPEED  FILM;  YES  (X)3lO  (  ) 
STILL  PHOTOS.  YES  00  NO  (  ) 
CHICKEN  (y3  GEL  PACK  ( ") 


THERMOCOLPLES  YES  (  )  MD 

STRAIN  GAGES  (FOUR  ONLY)  YES  (  )  NO  (xy 

ATTACH  LXATION  3<ETCH  AlO  NUKBER 


TEST  CONDITIONS 

REQUESTED 

ACTUAL 

TENPERATURE  INBOARD 

fifrJ&iEAfT 

TEMPERATURE  OUTBOARD 

AmlhiEh/r 

BIRD  WEIGHT 

wit 

A.06X 

BIRO  SPEED 

HooV*aoTS 

3'S3,.'5 

AMBIENT  TEMP; 


(: 


INPACT  LOCATION.  Cfii/Tfee  of  (f. 


INSTALLATION  ANGLE; 


SWEEP -aACK  ANGLE: _ 

Ref  FlC.  h  Y-Z&  TesrVlA^ 

XflipAc.T 


TEST  RESULTS:  SHOT  NO;  188  TEST  DATE;  I S5  TESTED  BY;  U.g.g, 


DISTRIBUTION  BEFORE  TEST;  h.  GOODRICH,  P.  WALTERS,  ORIGINATOR 
DISTRIBUTION  AFTER  TEST;  ORIGINATOR,  FILE.  H.  GOODRICH 
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PPG  INDUSTRIES  -  BIRO  INPACT  TEST  REQUEST 


TEST  PROGRAM:  T-‘58 

NUNBER ;  I 

SANPLE  identification  CODE:  3ZI-SZ 
TEST  DATE  REQUESTED:  8-fS-S5 
PANEL  TYPE:  FULL  SIZE  y.  26 

MOUNTING  FRAME:  RIGID _ FLEXIBL^ 

PANEL  CROSS  SECTION: 

SJoo 


CHARGE  TO;  tjOO«-3ZZ-6t' 


CLASSIFICATION: 

REQUESTED  BY;  <CuJ.*»faAuO 
BOLTED  CLAKPS^^^ 

'OTHER  <  “ 


_ othZT 

ffiAme  ^  ISIO 


3/3 

•cuy  PP^ 
3/lf» 

SSdo  CeAT/i^C 


'IkeOiOosl'f  T'npAtfT  ^  \3L  ,  f86 

Fi<k.  1-  T-38  Test  Tlao  ’EifiD 
ZNQcfMiT)  S.S.  /6eTAfA/eje.  £e^oA6. 

TT/is.  Rwsl  PoEifiws/^  ^/SC  j 


HIGH  SPEED  FILM:  YES  0^)^hO  (  ) 
STILL  PHOTOS:  YES  (X)  NO  (  ) 

CHICKEN  (jO  gel  pack  (  ') 


THERMDCOUPLES  YES  (X)  NO  (  ) 
STRAIN  GAGES  (FOUR  ONLY)  YES  (  ) 
ATTACH  LOCATION  3<ETCH  ANO  NUNBER 


TEST  CONDITIONS 

REQUESTED 

ACTUAL 

TENPERATURE  INBOARD 

TENPERATURE  OUTBOARD 

+25”  f 

^*3  f 

BIRO  WEIGHT 

Hits 

BIRO  SPEED 

3oo  i^of  s 

AMBIENT  TE^Pi 


rfhPACT  L0CATI0Nt?*rMb  of  Dft  AglH  4. 


INSTALLATION  ANGLE;  27.  S' 


SWEEP -BACK  ANGLE: 


V%F  Fi(^.Li  r-38 

^{oU,  ftTr2S^F  fog.  IS'mio.  SflooT _ ‘Bi«p  J>iPact 

TEST  RESULTS:  9^0T  .NQ;  18^  TEST  DATE;  i}\SlZ5  TESTED  BY;  U-g.g. _ 

C>8>S€wiwti0'^  •  U^U  PA-SSeo ,  tAo  tsjosTTLj^'nofJ- 


DISTRI3UTI0N  BEFORE  TEST;  h.  GOODRICH,  P.  WALTERS,  ORIGINATOR 
distribution  after  TEST;  ORIGINATOR,  FILE,  H.  GOODRICH 

ii*  "JerA?.  vS  (YMiuorg:  Softic-  at  3tS*T. 


M  M  r  1  N  n  r  I  n 


Shot  #189 


T-38  Bird  Impact 
Thermal  Data 


8- 15-83 


Time  T/C# 

1  2  3  4  5 


:25 

24 

34 

73 

73 

70 

:29 

22 

30 

71 

72 

69 

:32 

26 

33 

67 

68 

68 

:34 

22 

29 

61 

62 

68 

:36 

22 

29 

-  58 

59 

67 

:  38 

23 

29  . 

.  S6 

57 

69 

:40 

IMPACT 

14A 
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PHOTOGRAPHS 
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PHOTOGRAPH  #2 
POST  TEST  RESULTS 
SHOT  #184 
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PHOTOGRAPH  #3 
POST  TEST  RESULTS 
SHOT  #185 
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L»l»j 


PHOTOGRAPH  #7 
POST  TEST  RESULTS 
COLD  SHOT  #189 


APPENDIX  C 


BIRD  IMPACT  TEST  REPORTS 
T-38  ALTERNATIVE  TRANSPARENCIES 
OCTOBER  1.  THROUGH  OCTOBER  2,  1985 

AND 

NOVEMBER  14,  THROUGH  NOVEMBER  22,  1985 
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BIRD  IMPACT  TEST  REPORT 
T-38  ALTERNATIVE  TRANSPARENCIES 
lO/I  THROU»  10/2  1985 
A^0 

11/14  THROUGH  11/22  1985 


PPG  IhOUSTRIES,  INC. 
AIRCRAFT  PRODUCTS  DIVISION 
TECHNOLOGY  OEVELOP^€^r^  GROUP 
HUNTSVILLE,  ALABAMA 


PREPARED  BY: 


Senior  Development  Engineer 


J-Kf-SC. 

Date 
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PPG  Industries,  Inc. 


APPROVALS 


APPROVED  BY 


APPROVED  BY: 


APPROVED  BY 


>/i-ij7Z 

W.  E.  Heidish 

Technical  Director 

Date 

/-a^-'srC, 

P.  3.  Walters,  Manager 

Testing  and  Product  Reliability 

Date 

//VA' 

^W.  F.  Rothe,  Manager 

New  Products  Design  and  Development 

Date 

J.  W. /Myers  ^ 

T  o3te 

Project  Engineer 
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1.0  OBJECTIVE 


The  objective  of  this  test  program  was  to  evaluate  the  T-38 
main  windshield  design,  as  well  as  the  instructor's  window, 
and  their  respective  edge  attachments  as  a  unit  under  bird 
impact  and  environmental  conditions  combined.  The  original 
test  support  frame  was  to  be  used  in  the  first  test  series 
with  the  full  size  aircraft  fuselage  used  in  the  second 
series . 
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2.0  TEST  PROCEDURE 


The  test  program  was  to  be  managed  using  the  test  evaluations 
of  previously  conducted  shots  as  well  as  the  data  generated 
by  the  immediately  preceding  test  shot.  All  impacts  would  be 
done  with  four  pound  birds  at  velocities  determined  the 
program  director.  In  the  case  of  the  second  series  of  tests, 
the  impact  locations  and  velocities  were  predetermined  by  the 
project  engineer  in  a  letter  dated  October  7,  1985.  This 
letter  appears  in  the  data  section  of  this  report. 
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3.0  TEST  RESULTS 


This  test  report  covers  two  series  of  bird  impact  tests.  The 
first  series  was  conducted  from  10/1/85  through  10/2/85.  It 
consisted  of  two  bird  impacts  on  separate  windshields  mounted 
to  the  original  test  support  structure  used  in  all  of  the 
bird  impact  tests  prior  to  this  series  of  tests.  The  first 
impact  (#213)  was  made  at  352.8-lcnots  with  a  4.012-pound  bird 
on  windshield  number  322-76  and  was  successful.  The  shot  was 
made  at  a  nominal  26®F  on  the  outboard  surface  after  a  15- 
minute  soak  period  at  25®F.  This  soak  period  produced  a 
temperature  of  53®F  on  the  inboard  surface  just  prior  to 
impact.  The  second  shot  (#214)  was  made  at  345.8-knots  with  a 
4. 016 -pound  bird.  This  test  proved  to  be  a  failure  when  a 
small  plug  was  blown  out  of  the  impact  area.  Temperatures 
just  prior  to  impact  were  -1°F  on  the  outboard  surface  and 
40“F  on  the  inboard  surface.  The  temperatures  were 
established  by  soaking  the  windshield  for  15-minutes  at  0°F. 

The  second  series  of  tests  were  conducted  from  11/14/85 
through  11/22/85  and  were  performed  using  a  full  size 
aircraft  fuselage  as  the  support  structure  for  the  test 
articles . 

The  first  shot  in  this  series  (#221)  was  made  on  windshield 
number  322-80.  The  impact  was  conducted  at  room  temperature 
with  a  4.008-pound  bird  at  a  velocity  of  393.6-knots  and  was 
successful.  There  was  some  minor  bird  penetration  into  the 
cockpit  but  that  entered  over  the  aft  arch  as  it  deflected 
during  impact. 

The  second  shot  (#222)  was  made  at  an  outboard  surface 
temperature  of  208°F  and  an  inboard  surface  temperature  of 
159^F  on  transparency  number  322-N.  These  temperature  values 
were  established  after  a  15-minute  soak  at  210°F  was 
completed  just  prior  to  impact.  The  impact  was  made  at  401.5- 
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knots  with  a  4.008-pound  bird.  The  windshield  passed  the 
impact  with  only  a  few  small  cracks  in  the  outboard  ply.  Aft 
arch  deflection  again  allowed  bird  debris  to  enter  the 
aircraft . 

Shot  #223  was  conducted  on  windshield  number  322-79,  but  at 
an  ambient  room  temperature  condition  of  75“F.  The  test  was 
made  at  132.7-knots  with  a  4.012-pound  bird  in  the  same 
location  as  shot  #222.  Once  more  the  windshield  passed  the 
test  without  any  additional  damage  to  the  panel. 

The  fourth  shot  in  this  series  (#224)  was  conducted  at  low 
temperature  on  windshield  number  342-10  with  a  4.010-pound 
bird  at  a  velocity  of  351.9-knots  and  good  results.  The  test 
temperatures  were  26®F  on  the  outboard  surface  with  an 
inboard  surface  temperature  of  39®F.  These  values  were 
reached  after  a  15-minute  soak  at  25®F.  Post  test  evaluation 
revealed  several  large  cracks  in  the  P/C  plies  of  the  window. 


Shot  #225  was  conducted  on  an  instructor’s  window  number  442- 
14  mounted  in  the  fuselage  as  it  would  be  in  actual  flight. 

The  test  impact  was  made  at  the  center  of  the  panel  using  a 
4. 010 -pound  bird  at  a  velocity  of  2 5 8. 8 -knots.  The  window 
passed  the  room  temperature  test  without  any  major  damage. 

The  sixth  shot  in  this  series  (#226)  was  made  at  room 
temperature  on  windshield  number  342-09.  The  impact  occurred 
at  a  velocity  of  398.9-knots  with  a  4.020-pound  bird  and 
proved  to  be  a  success.  The  nose  impact  produced  a  P/C  crack 
that  radiated  from  the  impact  position  up  to  the  aft  arch. 

Shot  #227  was  made  as  a  second  impact  on  windshield  number 
342-09.  The  impact  location  was  changed  from  the  nose  position 
to  the  center  line  of  the  unit  at  the  mid-point  of 
the  transparency.  The  impact  was  conducted  at  a  room 
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temperature  of  64®F  with  a  4.020-pound  bird  traveling  at  a 
velocity  of  400. 8 -knots  and  was  successful. 

Shot  #228  was  made  as  the  third  impact  on  windshield  number 
342-09.  It  was  performed  at  the  port-sill  location  as  defined 
in  the  original  testing  docximent.  The  impact  was  made  at 
400.2-knots  with  a  4.008-pound  bird  and  again  proved  to  be  a 
success.  The  room  temperature  was  58“F  at  impact. 

The  final  impact  in  this  testing  series  (#229)  was  made  on  a 
second  instructor's  window  number  442-15  in  the  port  corner 
location.  The  room  temperature  impact  (63°F)  was  conducted  at 
a  velocity  of  259.3-knots  with  a  4.012-pound  bird.  The  window 
cracked  from  the  impact  but  bagged  the  bird  allowing  only  a 
small  amount  of  liquid  residue  to  enter  the  aircraft 
structure. 

Copies  of  the  temperature  data  recorded  on  the  hot  and  cold 
spots  appears  in  the  data  section  of  this  report. 
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DATA  RECORDINGS 
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PPG  Il^USTRl£S  -  BIRO  IMPACT  TEST  REQuESf 


TEST  PROGRAM;  /*  36  R  t.T)  F  336/S'^8l - C - 3^0 3 

^P  NUh€ER ;  /S-SS-O!  OiARCE  TOi  ^22  -  SI 

sample  identification  CODE;  7Z~  CLASSIFICATION^ 

TEST  DATE  REQUESTED;  /O  _^/  -g^T  REQUESTED  BY : 

BOLTED  X  CLAKP^  0TH&^ 

OTHC?  y 

- ♦  1368 


PANEL  TYPE;  FULL  SIZE  x  26"x?6"  BOLTED  X  CLAKPK  OTfSER 

MDUNTK^  FRAKC;  RIGID  FLEXIBLE  OTHER  - 

PA^€L  CROSS  SECTION;  1368 

3"i«o  .  12.2  Ts  -h  ^ 

3/  .p  1  KeF  Fi4UC.6  1  T-18  TEST  Jmf>^cT 

^ ,  Ti-.  HDr  ^^’boAR'D  AFT  AacII  Ren^we^ 

•  o6o  //Z  rHb 

^//L  'Po  kj 

Bsoo  Co^Tl^3<S 

HIGH  SPEED  FILM;  YES  (Jf)  (  )  THERKXSILPLES  YES  ()0  W  C  ) 

still  PHOTOS;  YES  CX)  «  (  )  STRAIN  GAGES  (FOUR  ONLY)  YES  (  )  W  (X) 

CHICKEN  CO  GEL  PACK  (  )  ATTACH  LOCATION  9<ETCH  A^O  NUf€ER 


TEST  CONDITIONS 
TEhPERATLRE  I^eOARO 


TEM=>ERATIRE  OUTBOARD 
BIRO  WEIGHT  (  L?,%^ 
BIRO  SPEED  (Jf^HoTiV 


REQUESTED  I  ACTUAL 


t  2S 

"F 

+  26  F 

^1 

b 

4.012 

350 

AKBIENT  TENFt  _ 

IJPACT  LOCATION;  tfF  htl  hcji  4_ 


/  INSTALLATION  ANGLE;  11. S*" _ 

\SWEEP-8ACK  ANGLE; _ 

T?eF  FiG.H  T-38  EiED-TmpAc.r 
Tfcsr  Plaio 


TEST  RESULTS;  3H0T  TEST  DATE ; JoJjJW,  TESTED  BY; 

U^\rOooco  •?«iSS6’D.  eHTtfRET)  CoOlP;T  ©>;€».  APT*  RRCH- 

MX)  ivAiRcjrg'o  th€  *  PiLor"  uiiTMS’ss  Pcat6'.  I/B 
9oo(  PcH  ti\o  KJor  c<^R<n(L. 


PPG  WITNESS 


customer  WITNESS 


distribution  before  TEST:  h.  GOODRICH,  P.  WALTERS,  ORIGINATOR 
distribution  AFTER  TEST:  ORIGINATOR,  FIlE,  h.  GOODRICH 

•k  PcFTS-fU  lUiAJore  So/vt  fiii  QS’ji. 


PPG  II^USTRIES  -  BIRO  I>f^ACT  TEST  REQUEST 


TEST  PROGRAM:  I  K  €■  I 

^P  NU^eER ;  S~Q  t 

SAff’LE  identification  CODE: 

TEST  DATE  REQUESTED:  lO^l-QS 
PANEL  TYPE:  FULL  SIZE  x  26*1^ 
K3UNTING  FRAKE:  RIGID  FLEXIBLE 


PANEL  TYPE:  FULL  SIZE  x  26*^ 

K3UNTING  FRAKE:  RIGID _ FLEXIBI 

PArEL  CROSS  SECTION:  . 

S5og  .OS' 7 

3/8  ^ 

•  oCo  IIZ  PP^ 

^/JL  Vo  /y 

gS’oo  CJatiOc 

HIGH  SPEED  FILM:  YES  ^KO  (  ) 
STILL  PHOTOS:  YES  (X)  lEI  (  ) 

CHICKEN  00  gel  PACK  (  ) 


/  -  38  RfD  F  336/5-01-0-3^^3 

•ss^ot  CHARGE  TO:  322-81  ^ 

iTION  CODE;  32.A-_<»  /  CLASSIFICATION^ 

ED:  /O  -I  -g£r _  REQUESTED  ^'iiQ.  (jUr?7/u^ 

,  SIZE  X  BOLTED  CLAMPEO  OTl®[ 

RIGID  FLEXIBLE  OTHER  _  .  jm - 

ON:  -  ,  , -  - ® -  Faa^€  I5S8 


.  »  r-|CMr*7«  I 

KeF  Fi&ufcE  1  T-30  TesT 

riexCEL  oo+boARt>  AfT  Ae.^H'Rnfifrtex. 


THERKDCOIFLES  YES  (KD  «)  C  ) 

STRAIN  GAGES  (FOU^  ONLY)  YES  (  )  «  CX) 
ATTACH  LOCATION  9<ETCH  AM)  NUI«ER 


TEST  CONDITIONS 
TEI4=»ERATURE  ^^eOARO 
TEhFERATURE  OUTBOARD 
BIRD  WEIGHT 
BIRD  SPEED 


REQUESTED  ACTUAL 

_ t4o*F* 

0  °F  ~i77 
4  Ik  4,ci(. 

“SSOl^  34?.^ 


AKBIENT  TENP:  _ 

^IKPACT  LOCATION:  oF  AfT  AuA  4_ 

INSTALLATION  ANGLE:  27. S*" _ 

I  SWEEP -BACK  ANGLE: _ 


34$ t^p  FjS.H  T-38  B/ftD-T«pAc.T 

resr  pi-Rio 


TEST  RESULTS:  SHOT  rC:  2  14  TEST  DATE:  |o|2|g3*  TESTED  BY:  t4’6«<q. 

L:^ir\0^VT\e<-0  ^o<3-  P>6lAe>\)eO  .  Pt-/  fZfVtjolJ^O 


PPG  WITNESS 


CUSTOMER  WITNESS 


DISTRIBUTION  BEFORE  TEST;  H.  GOODRICH,  P.  WALTERS,  ORIGINATOR 

DISTRIBUTION  AFTER  TEST;  ORIGINATOR,  FIlE,  h.  GOODRICH 

•  1 6  A 

A  ftFTeN  rNMiooTC  SbXk.  Ar  o  F 


lDA/155 


T-38  BIRO  H4»ACT 

Shot  -•213 


TC* 

1 

2 

3 

4 

3 

8«53 

29 

28 

68 

68 

61 

8:3^ 

22 

25 

62 

64 

60 

8:59 

23 

23 

59 

59 

61 

9:02 

25 

26 

55 

56 

60 

9:05 

25 

26 

53 

53 

60 

9:0^ 

Shot  =»214  10/2/85 


Tc.*  I  t  ooTBoM-O 

T«.*  3  ^  ^ 

jJ  S  ID-  Dff  «• 
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Inter-Office 

Correspondence 

IQ 

Date; 

October  7,  1985 

To:  p.  Walters 

H.  Goodrich 

From: 

0.  W.  Myers 

Location: 

Technology  Development 

Subject 

T-38  Bird  Impact  Testing 

Listed  below  is  the  propc  ci  T-38  flight  quality  qualification  impact  testing  that 
has  been  planned  for  the  mid-November  time  frame.  This  shooting  will  all  be  done 
in  the  fuselage.  At  this  time  no  Test  Requests  Forms  have  been  included,  due  to 
the  possibility  of  change  before  or  during  the  testing.  I  will  provide  all  the 
necessary  request  forms. 


Shot  Location 

Temperature 

Speed 

Aft  Arch  Centerline 

Ambient 

400  and  130 

Aft  Arch  Centerline 

Hot  (210“F) 

400 

Aft  Arch  Centerline 

Cold  (+25*F) 

350  and  130 

Nose 

Ambient 

400 

sni 

Ambient 

400 

Location  ?  (Spare  Unit) 

? 

7 

Instructor  Centerline 

Ambient 

250 

Instructor  Corner 

Ambient 

250 

As  discussed  with  Bob  Pinnell, 

present  plans  are  to  start 

testing  November 

14th  and  continue  into  the  week  cf  November  18th  till  completed. 


This  should  complete  the  contractual  requirements  for  impact  testing  qualification. 
If  you  have  any  questions  or  need  additional  Information,  please  contact  me. 


Project  Engineer 


dal 


cc:  W.  Rothe 
W.  Heldish 
S.  Stewart 
R.  Cardno 
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PPG  INOUSTRIES  -  BIRD  IMPACT  TEST  REQlJESr 


TEST  PROGRAM;  T~32  /=  33  5  ^ C  -  7  3 

NP  NU^eeR ;  /SB  SO/  CHARGE  TO;  oJo 

sample  identification  CODE;  •52A-S’«  CLASSIFICATION; 

TEST  DATE  REOLESTED;  /V^c/-  /y, REQUESTED  BY;  "JOEHTTf 
PANEL  TYPE;  FULL  SIZE  X  26  x26  BOLTED  X  aANPED  OTHER 

MOUNTING  FRAME:  RIGID  FLEXIBLE  OTHER  X  ///^/^ 

PANEL  CROSS  SECTION;  “ 

S3ao  L:^<.r  f=rrt^^  4l^0l 

.060  ppJiia  ^  ctp/^r-f 


/  r-iB  P/^  .  s.  rcJ  a 


HIGH  SPEED  FILM;  YES  C>9  lO  (  )  THERiOCOUPLES  YES  (  )  NO  CX3 

STILL  PHOTOS  I  YES  NO  M  STRAIN  GAGES  (FOUR  ONLY)  YES  (  )  NO  0<) 

CHICKEN  (X)  gel  pack  (  )-  ATTACH  LOCATION  3<ETCH  ANC  NUNfiER 


TEST  CONDITIONS 

REQUESTED 

actual 

ANBIENT  TENP: 

TENPERATURE  INBOARD 

IMPACT  LOCATION;  5  /fr^  CL 

TENPERAT'JRE  OUTBOARD 

n3*F 

installation  ANGLE;  a??.  5  ® 

BIRO  WEIGHT 

V.o  /Is 

4  00*^ 

SWEEP -BACK  ANGLE; 

BIRD  SPEED  Cv-tAoTs) 

*/oc  k'h 

3^1>-(o 

TEST  RESULTS:  ^OT  ,'0:_^5/_  TEST  DATE;  TESTED  BY; 

VOlS  9ftsS(£0.  CjLa,op.<;  |iO  C).%.  ?oL.'f  ^C'f  .  Pc.'j  \n-r^<.~r . 

tX^vioL-  ?€K>6TTLi>rTiON)  Ov€ Tii£  fic^T  'D^TcecrioiO. 


OISrJIR'j':  :0N  3E-CRE  TEST;  H.  COCORICH,  R.  ■*»AlTER5,  nRICINAT:R 
0IS'R;3L'r,N  AFTER  TEST;  GRICInATCR,  FIlE.>i.  CCQORICH 
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PPG  POUSTRIES  -  BIRO  ivpQCT  TEST  REQUEST 


TEST  PROGRAM:  33^1  S  '  2! -  C  ~  Z<f03 

M3  NUh€ER :  /SSS<3t  CHARGE  TO:  ZUS  'fIS-SI 

SAnPLE  identification  CODE:  CLASSIFICATION:  ,  , 

TEST  DATE  REQUESTED:  /l^oo-  REQUESTED  BY:  - 

PANEL  TYPE:  FULL  SIZE  26”x26"  BOLTED  CLAKPED^  OTHER  - 

MOUNTING  FRAME:  RIGID  FLEXIBLE  OTHER  ~5?“  A.'tc^ITr  t?  / - 

PANEL  CROSS  SECTION: 

^30  0  pra.K><.  “fP 


.060  PP&/J2 
3/^ 6  Pait^ 


At.  <■ 

^  B.rJ 

A^'f'  /Jrc^  Ktjfk 


HIGH  SPEED  FILM:  YES  00  »«  (  ) 
still  PHOTOS:  YES  00  lO  (  ) 

CHICKEN  ix)  gel  pack  (  > 


THERfOCOUPLES  YES  00  NO  (  ) 

STRAIN  GAGES  (FOUR  ONLY)  YES  (  )  (>0 

attach  LOCATION  S<ETCH  AMD  NUNBER 


TEST  CONDITIONS 

REQUESTED 

actual 

AMBIENT  TEMP: 

TEMPERATURE  INBOARD 

— 

IMPACT  LOCATION:  J /}rU.  CL 

TENPERAT'JRE  OUTBOARD 

fSilo  ^ 

'Zoft  F* 

installation  ANGLE;  J^25 

BIRD  WEIGHT  (las') 

V.a/U 

A-.oo% 

SWEEP -BACK  ANGLE:  — 

BIRD  SPEED  C\lHoT<,') 

yoijJcf, 

Ao\.S 

TEST  RESULTS;  SHOT  TEST  DATE:  1/-/S-Sr5  TESTED  BY;  H.g<S. _ 

\j^lO  V/c_  0-%.  LjfctjU<i(E"  /VWoO ►JT' 

DF  \W  clfiC.x.piT.  /VfeftrLe)cFr»J^  6MT6ts  ovf/L  /VPr  ACcht- 

\)(^FL.‘e<iTlOKD  . 


PPG  WITNESS 


W( 


CUSTOMER  WITNESS 


DISTRIBUTION  BE^'ORE  TEST;  h.  CnOURICH.  R.  WALTERS,  ORIOINATDR 
□  ISTRIBijTinN  AF'-£R  TEST;  ORIGINATOR,  FIlE,  h.  GOOORI.'H 

-4?  Vo  rAvOO-rE  So(^k-  ftT"  Avo°F 


T-38  BIRD  IKPACT 


Shot  ■•222 


11A5/35 


Time 

TO 

1 

2 

3 

4 

5 

6 

7 

3 

II1O6 

78 

78 

78 

79 

78 

79 

78 

II1O9 

82 

84 

83 

98 

92 

88 

78 

II1I2 

93 

94 

95 

100 

98 

94 

78 

111  15 

104 

103 

105 

102 

101 

96 

79 

111  18 

118 

115 

118 

115 

111 

105 

80 

111  21 

132 

129 

136 

133 

129 

123 

80 

lli2A 

140 

138 

144 

141 

145 

135 

94 

82 

11:27 

152 

156 

154 

148 

168 

147 

101 

83 

11:30 

157 

167 

159 

152 

178 

157 

108 

85 

11:33 

168 

176 

168 

168 

190 

173 

117 

87 

11:36 

178 

192 

199 

185 

209 

188 

124 

89 

11:38 

186 

202 

203 

191 

213 

194 

130 

90 

11:42 

196 

210 

212 

193 

212 

195 

140 

93 

11:45 

204 

214 

216 

194 

211 

196 

147 

94 

11:48 

203 

212 

213 

196 

212 

196 

152 

95 

11:51 

202 

209 

211 

200 

214 

198 

157 

96 

11:52 

199 

208 

207 

200 

212 

198 

159 

97 

11:53 

PPG  Il^iJSTRIES  -  BIRO  IvpflCT  TEST  REQUESr 


TEST  PROGRAM;  C^^rtLtjt  P  336IS  •  2! -  Z<f03 

N*s  M iKflFP ,  T^s^TT,  CHARGE  TO:  3X1-21 - 

aASSIFICATTON;  — 


NP  NUNeER ;  /sgsaj _ 

sample  identification  CODE:  7^ 

TEST  OATS  REQUESTED;  A/atr  7^ 

PANEL  TYPE:  FULL  SIZE  X  ''  26"x26''' 

MOUNTING  FRAME;  RIGID _ FLEXIBL^ 

PAI«L  CROSS  SECTION; 


CLASSIFICATION:  /  ^ 

REQUESTED  BY;  '74.' 

bolted  ^  clakpedi  ^  other 
•qtheb  -?r 


.060  PPG-  //-2 

V 


FraLf^<  "fP 

/  r-si  -Ctf  /%«  ,  B.rj 
fifi  /}.^ 

tOLwc!  rcfa 


HIGH  SPEED  FILM;  YES  CX)  Kl  (  ) 
still  PHOTOS;  YES  GX)  (  ) 
CHICKEN  -Cx)  GEL  PACK  (  ) 


THERKOCOLPLES  YES  (  )  tO  (^) 

STRAIN  GAGES  (FOLP  ONLY)  YES  (  )  ^0  CX) 
ATTACH  LOCATION  S<ETCH  AMD  NUhfiER 


TEST  CONDITIONS 

REQUESTED 

actual 

A^eIENT  TENP: 

tekperature  inboaro 

ns®F 

INPACT  LOCATION;  i'" J flf’f  f^rJ.  CL 

TESPERATURE  OUTBOARD 

installation  ANGLE:  ^7.5  “ 

BIRD  WEIGHT  (ue,S.^ 

v.o/A 

4.o\t- 

SWEEP -BACK  ANGLE;  - 

BIRO  SPEED  Ct-UoTS^ 

/3^kfs 

TEST  RESULTS:  S^OT  .MD:  JIS3  TEST* DATE:  TESTED  BY:  U.P.<S. 

f  ftsseo  .  CM-CJCtT  ^to  MOT*  PiLof  A<2,/VT^  . 

oo-r  usvr«-  5i*.o  . 


DISTRIBUTION  BEFORE  TEST;  h.  CnOORICH,  P.  WALTERS,  iTRIOINATDR 
DISTRIBUTION  AFTER  TEST;  ORIGINATOR,  FJlE,  h.  GOODRICH 
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P°G  Ii^jUSWlFS  -  9IR0  I ^PACT  TEST  R£!3»JESr 


TEST  PROGRAM;  CJFfiFB 
^P  NU>€£a: 


_ >evp 

..  -  /SgSd! _ 

SA^f>LE  identification  CODE;  10 

TEST  DATE  REQUESTED:  A/otr  7^ 

PANEL  TYPE:  FULL  SIZE  26^'^^ 

MOUNTING  FRAME:  RIGID _ FLEXIBLE 

panel  cross  SECTION: 


Cmr^jhrtLL^  33 4 1 S  •“  H C.  “  3SO  "i 
CHARGE  TO:  uJ<Z  31^-21  ' 


CLASSIFICATION:  ,  , 

REQUESTED  8Y:  74. 

.  BOLTED  X  CLA^4=ED^  OTHER 


^3oa 

.06 PP(^ U2 


^  UDAZt  -/A 

/e./  /  r-ssr  -  B.rJ 

7/*-Xctl  y^/y  /Jrc2  aatj  rt^/rK*r' 


HIGH  SPEED  FILM:  YES  (X)  MD  (  ) 
still  PHOTOS:  YES  (X)  l<3  (  ) 

CHICKEN  Cvr)  gel  PACK  (  ) 


THERMOCOUPLES  YES  (X)  KO  (  ) 

STRAIN  GAGES  (FOUR  ONLY)  YES  (  )  NC  (X) 
ATTACH  LOCATION  S<ETCH  AMD  NUKBER 


TEST  COMDITIONS 

REQUESTED 

ACTUAL 

AKGIENT  TENP; 

TENPERATURE  IreOARO 

— 

INPACT  LOCATION:  f  Pu/J //}fi  /IrU  Cl 

TENPERAT'JRE  OUTBOARD 

y-;?5  V 

■m2 

mtmm 

INSTALLATION  ANGLE:  2?.5  * 

BIRO  WEIGHT  C'-.t>S') 

V.a/U 

4.010 

SWEEP -BACK  ANGLE:  — 

BIRO  SPEED 

3^0  kts. 

TEST  RESULTS;  SHOT  TEST  DATE;  TESTED  BY;  U-6-<S. 

L^rfLcipC-  NOiAbeiL  oF  ejLAr<L4ts  PM. 

^NVoUW»T  oP  ^ll-o  \K>  Cocndplr  oNgA.  y^pr  AiXH4 . 


PPG  witness 


CUSTOMER  witness 


DISrPIPuTICN  Bt^'URE  TEST;  h.  CnOURICH,  p.  WAlTEHS,  nRIGINATDR 

Cl  STPIPi.iT  ION  AFTER  TEST.  ORiClNATCR,  FluE,  H.  GOODRICH 

■h  Aftcil  VS  rvii^Aore-  /vr  asV 


PPG  If^USTRIES  -  aiRO  I^4=»flCT  TEST  REQUEST 


TEST  PROGRAM;  T-  38  R  4  1)  F  33  4l5  -flf-C 

M3  number ;  /5’85'  O  t  CHARGE  TO;  j22-fil 

SAMPLE  IDENTIFICATION  CODE:  Wi-Zf  aASSIFICATlONl 

TEST  DATE  REQUESTED;  AJoO  REQUESTED  8Y;  CL.Ui.'>7tu£^ 

PANEL  TYPE;  FULL  SIZr~k  26''x26  BOLTED  X  CLANPE^  offlER 

MOUNTING  FRANC;  RIGID  FLEXIBLE  OTHER  "F“  il  -  ^  r^=  i — ~ 

PANEL  CROSS  SECTION;  hi^tAAf=T  K)$cUo£ 

CoAT-iAiC  rtiArifC  KJO.  6^ 

Vm  “PoW 

.OCO  -»»2 

3/1  to 

gSoo  doftTi^C. 


HIGH  SPEED  FILM;  YES  ()<)  MD  (  ) 
still  PHOTOS;  YES  (X)  MD  (  ) 

CHICKEN  CXJ  GEL  PACK  (  )- 


THERK3C0LPLES  YES  (  )  NO  (^0 

STRAIN  GAGES  (FOUR  ONLY)  YES  (  )  M3  (X.) 

ATTACH  location  S<ETCH  AND  NUNBER 


TEST  CONDITIONS 

requested 

ACTUAL 

AMBIENT  TEMP: 

TEMPERATURE  INBOARD 

Amh/lAJT 

n\y 

IMPACT  LOCATION;  C£^rr&  CetihAiiOt 

TEmPERAT'JRE  OUTBOARD 

^t»il£A)T 

INSTALLATION  ANGLE;  7<G>  * 

BIRO  WEIGHT 

^ibs 

A.o\ci 

SWEEP -BACK  ANGLE;  — — 

BIRD  SPEED  Cv.Ncrr<^ 

kts. 

258*8 

TEST  RESULTS;  S40T  iVQ;  2'2-S'  TEST  DATE;  TESTED  BY;  H.g.<o. 

9/VFSCO. 


PPG  ■WITNESS_ 

DISrPiauTIGN 

OISrPIRuTION 


CUSTONCR  WITNESS 


BEPORE  TEST;  H.  'GnOORICH,  P.  WALTERS,  ORI 

AFTER  r-rsT:  oRiGiNArofl,  file,  h.  ggoori: 


GINA TOR 
H 
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PPG  I^OUSrRIES  -  BIRO  lNf»ACT  TEST  REQUEST 


TEST  PROGRAM;  CUF/i FQ _ 

NUNeER ;  /sssai _ 

sample  identification  CODE; 

TEST  DATE  REQUESTED;  A/ov  7^ 

PANEL  TYPE;  FULL  SIZE  >  26"'!?^ 

mounting  FRAME:  RIGID _ FLEXIBL^ 

PANEL  CROSS  SECTION: 


r-SSr  7HD  F  336IS 

CHARGE  TO;  uJ<S 


CLASSIFICATION;  ,  ^ 

REQUESTED  BY:  79. 

.  BOLTED  X  gAKPED  OTHER 
OTHER  > 


^30  a 

.o6a  ppi^ /J2 


'2/^4  Palcf 


Pni^<  iP Crdv.nP) 

uoat-n 

f7*-Xc*l  /iP^  /Jrt^  r‘cfkJt^<y 


HIGH  yEED  FILM:  YES  (X)  HJ  C  ) 
still  PHOTOS;  YES  (><1  M3  (  ) 

CHICKEN  -C^d  gel  pack  (  ) 


THERM3COLPLES  YES  (  )  M3  OO 

STRAIN  GAGES  (FOUR  ONLY )  YES  (  )  M3  (X) 

ATTACH  LOCATION  3<ETCH  AMD  NUveER 


TEST  CONDITIONS 

REQUESTED 

actual 

TEKPERATURE  I^eOARO 

Ar^L>t-^ 

L'X*? 

TENPERATURE  OUTBOARD 

BIRD  WEIGHT 

y.o/U 

A^eIENT  TEKP;  _ 

I^PACT  LOCATION; 

INSTALLATION  ANGLE;  225  ^ 
SJCEP-8ACK  ANGLE;  - 


TEST  RESULTS:  3HOT  M3;  3.2^  TEST  DATE;  Ih^hSl^  TESTED  BY;  U.g.  <S. 

Vj6ls  9^<S6D.  u»rtc.€  Vfc.  fftcfA  mffy^cr 

Voi*^T  To  A-Pr  AMm. 


PPG  witness 


gSTl>CR  WlTtCSS 


DISTRIBUTION  BEFORE  TEST-  h.  GOiDORICH,  P.  WALTERS,  ORIGINATOR 
distribution  after  TEST;  ORIGINATOR,  FIlE,  h.  GOODRICH 

17A 


PPG  It^USrRIES  -  BIRO  ivpACT  TEST  REQUEST 


/sgsat 

SAh4»LE  identification  (XX)t:  liSi-oH 


TEST  PROGPAM;  CJffifB 

1^  number  ; 


P  -  y/-C  -  JV03 

CHARGE  TO: 


TEST  DATE  REQUESTED:  Matr  7^ 

PANEL  TYPE:  FULL  5122  >f  "  i6''x26“ 

K3UNTING  FRAME:  RIGID _  FLEXIBLE 

PANEL  CROSS  SECTION;  - 

^-ioo  ^ 


CaJO  3X:l-9/ 
aASSIFICATION: 


I  XUniS  /  y 

REQUESTED  BY: 

bolted  X  aAW>ED  other 

OTHER  "IT  /!:„ 


ft 


'i/k' 

.060  pp^ p2 

6 


^  UbPS-tJ 

K^4  /  r-n  -Ctf  /%>  ,  B:,J  2:;^i7' 

//•■xcti  fifi 

aate/  rtJa7f^*r 


HIGH  SPEED  FILM:  YES  0<)  hO  (  ) 
STILL  PHOTOS:  YES  (X5  (  ) 
CHICKEN  -CxD  GEL  PACK  (  ) 


THERWDCOLPLES  YES  (  )  M)  (>0 

STRAIN  GAGES  (FOUR  ONLY)  YES  (  )  IB  (X) 

ATTACH  LOCATION  S<ETCH  AND  NWBER 


TEST  COIBITIONS 

REQUESTED 

actual 

AfBIENT  TENPi 

TEMPERATURE  INBOARD 

IKPACT  LOCATION:  Ul/s  CL 

tesperature  outboard 

INSTALLATION  ANGLE:  27.5  “ 

V.O/Ji. 

A. 0^0 

SWEEP -BACK  ANGLE:  - 

VOd  kh. 

Aoo.^ 

%l.o  V\3i-  o«l 

SUoT  ^0^ 

TEST  RESULTS:  ^^0T  iNQ:  3^,7  TEST'oATE:  ?  TESTED  BY:  U«g.G. 

^fkSSGO  .  ArQOiTlot^Aic. 


PPG  WITNESS 


CUSTOl^R  witness 


DISTRIRuTrON  BE^'ORE  TEST;  h.  GOODRICH,  P.  WALTERS,  nRIGlNAT;^? 
DIS'‘'':BUTinN  AFTER  TEST:  ORIGINATOR,  FILE,  H.  GOODRICH 
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PPG  INDUSTRIES  -  9IR0  I^^^ACT  TE5T  REQueST 


TEST  PROGRAM;  P  336IS  •  f! 'C  ~ 


hp  NUt^ER ;  /SgSai 
sample  identification  CODE;  1h!^-0^ 
TEST  DATE  REQUESTED:  A/atr 
PANEL  TYPE;  FULL  SIg' jf  ^  26*'x2'6"" 

MOUNTING  FRAME;  RIGID _ FLEXIBLE 

PANEL  CROSS  SECTION; 


CHARGE  TO,  cja 


aASSIFICATION;  ,  ^ 
REQUESTED  BY: 

.BOLTED  X  CLAKPED  OTHER 
other  ^ 


^30  0 

.060  PP(^ 


PrtL^<  iP  I^OO  Cr*Mu:H) 

UORt^il 

M  /  r-5S’  'C.if  -  B.rc/ 

//^Ctl  /ifi 

tOitJ  rcfa  //» *■  y' 


HIGH  SPEED  FILM;  YES  M3  (  ) 
still  PHOTOS;  YES  {X)  M3  (  ) 

CHICKEN  -Cx3  GEL  PACK  (  ) 


THERKXOLPLES  YES  (  )  M3  (X) 

STRAIN  GAGES  (FOUR  ONLY )  YES  (  )  M3  (>0 
ATTACH  LOCATION  9<ETCH  AKO  NU»«ER 


TEST  CQMDITIONS 

REQUESTED 

ACTUAL 

TENPERATURE  I^eOARO 

TENPERATURE  OUTBOARD 

BIRD  WEIGHT  (L.CiS'i 

y.odf. 

4.00ft 

BIRD  SPEED  (  I4acir<.) 

^oa  kK 

Aco-X 

AKeiENT  TESPi  _ 

P»rt  S:ll  Csv^*- 

IKPACT  LOCATION;  dLo 


installation  ANGLE; 


SWEEP -BACK  ANGLE; _ — 


TEST  RESULTS:  SHOT  NO;  3^^  TEST  DATE;  Ih2hir6  TESTED  BY;  14-ig.G.. 


PPG  WITNESS 


CUSTOMER  WIT^€SS 


DISTRIBUTION  BEFORE  TEST;  h.  GPiDORICH,  P.  WALTERS,  ORIGINATOR 
DISTRIBUTION  AFTER  TEST;  ORIGINATOR,  FILE,  H.  GOODRICH 
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PPG  INDUSTRIES  -  6IR0  ivpflCT  TEST  REQlJESr 


TESr  PROGRAM;  T-ZQ  C. 

NUKEER;  '  IS6SOI 
sample  identification  C00E;_VV2W£__ 
TEST  DATE  REQUESTED;  AIoQ 
PANEL  TYPE;  FULL  SIZE  K  26''x26’' 

MOUNTING  FRAME;  RIGID _ FLEXIBLE 

PANEL  CROSS  SECTION: 

^SOO  COAT/AJC 
?olu 

.  04,0  TP^  -IIZ 


oHac.'V  F- 33Ci  IS-8I-C  -  3403 

CHARGE  TO: 

aASSIFICATION; 

REQUESTED  BY; 

LI.  Lj. 

BOLTED  X  CLANPED 

f  OTHEfr 

AJ<9  7ffS^ 

'Ref  FIC.C  TlEST?Uui-Bi«Dl«v5/<ct 
T-36 


3// 4, 

SSoo  CjdatiiOC, 


HIGH  SPEED  film.  YES  (X)  l<]  (  )  THERKJCOLPLES  YES  (  ) 

STILL  PHOTOS;  YES  (X)  NO  (  )  STRAIN  GAGES  (FOLR  ONLY)  YES  (  )  NO  (X) 

CHICKEN  (50  gel  PACK  (  }-  ATTACH  LOCATION  3<ETCH  A(^  NUNEER 


TEST  CONDITIONS 

REQUESTED 

ACTUAL 

AKBIENT  TENP; 

TENPERATURE  INBOARO 

INPACT  LOCATION.  %iCr 

TENPERAT'JRE  OUTBOARD 

0 

INSTALLATION  ANGLE:  70 

BIRD  WEIGHT 

•ills 

SWEEP -BACK  ANGLE: 

BIRD  SPEED  (VJOoTi') 

2So  krs. 

TEST  RESULTS:  SHOT  NO;  2Z^  TEST  DATE;  TESTED  BY;  l4  €-<^. 

C.(LArCX,SO  6oT-  T/J-€'  SfViAcc.  A-mouAJT-  OP 

U^ojO  Cocjc p/r. 


PPG  WITNESS 


CUSTOMER  WITNESS 


DISTRIBUTION  BEFORE  TEST;  h,  GOODRICH,  o.  WALTERS,  nRIGINATOR 
distribution  AFTER  TEST;  ORIGINATOR,  FJlE,  h.  GDOORICh 
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APPENDIX  II 

PHOTOGRAPHS 
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PHOTOGRAPH  *1 
COLD  ^^OT  #213 
TEST  SET  UP 
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PHOTOGRAPH  #3 
COLD  9HOT  #213 
WITNESS  PLATE 


PHOTOGRAPH 
COLD  3iOT  #214 
POST  TEST 

182 


PHOTOGRAPH  #7 
SHOT  =#221 
POST  TEST 


PHOTOGRAPH  *6 
SHOT  #221 
FUSELAGE  SET  UP 
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PHOTOGRAPH  *6 
HOT  SHOT  #222 
TEST  SET  UP 
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PHOTOGRAPH  *11 
SHOT  #222  AND  #223 
WITNESS  PLATE 


photog;aph  *13 

COLO  #224 
POST  TEST 
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PHOTOGRAPH  #14 
SHOT  #225 
INSTRUCTOR  WINDOW 
POST  TEST 


photograph  ♦is 

5MOT  #226 
POST  TEST 


PHOTOGRAPH  ns 
^OT  =#227 
POST  TEST 

1  M  i 


1 


photograph  #18 

^OT  #229 
POST  TEST 

l‘r, 


APPENDIX  D 


T-38  BIRD  IMPACT  RESISTANT 
WINDSCREEN  OT  &  E  AIRCRAFT 
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TO 

^rrm  or? 


MMSRA 


»u«jccT.  T-38  Bird  Impact  Resistant  Windscreen  0T4E  Aircraft 


See  Distribution  List 

1.  This  package  is  designed  to  assist  you  in  the  maintenance  of 
your  new  windscreen.  It  contains  pertinent  information  about 
cleaning,  removal  and  installation  of  your  windscreen.  Please 
inspect  your  aircraft's  form  95  for  any  clearances  or  problems 
particular  to  your  assemblies.  Any  questions  you  have  that  are 
not  covered  by  the  inf ormati on  *  in  this  package  should  be 
addressed  to  SA-ALC/MMSRA. 

2.  The  coating  on  the  transparency  is  scratch  resistant  and  will 
heal  itself  of  superficial  marks.  For- exampl e ,  if  the  windscreen 
is  covered  overnight  by  a  transparency,  cover  marks  from  the  folds 
of  the  material  may  appear  in  warm  temperatures.  If  the 
transparency  is  exposed  to  direct  sunlight  for  a  short  period  of 
time  these  will  disappear.  Mo  abrasive  material  should  be  used 

to  remove  marks.  This  will  only  destroy  the  coating.  Any  marks 
that  do  not  go  away  when  using  the  appropriate  cleaning 
instructions  should  be  referred  to  SA-ALC/MMSRA. 

3.  When  removing,  installing  or  just  lifting  the  forward 
windshield  by  removing  piano  hinge  pins,  a  pipe  clamp  should  be 
used  to  maintain-tne  distance  across  the-  aft  arch.  Instructions 
are  included  in  this  package.  Do  not  use  masking  tape,  bullhide 
or  any  adhesive  material  on  the  surfaces  of  the  transparency. 
This  will  damage  the  surface  coating  and  leave  marks  that  impair. 

i  the  optical  quality  of  the  windscreen.  It  may  be  covered  with 
!  soft  cloth  taped  to  the  frame. 

A.  The  reporting  forms  will  be  used  to  help  us  evaluate  the 
windscreens  performance.  You  are  free  to  add  additional  comments 
I  that  may  aid  in  the  evaluation.  We  aopreciate  your  timely 
I  comoletion  ana  suomission  of  the  forms.  They  should  be  tompilec 
I  and  sent  every  30  days  to  SA-ALC/MMSRA,  kelly  AF3  JX  78241-5000, 

{  AT  T  M  :  L  t  J  a  n  a  i  n  e  3  o  s  k  o  v  i  c  h  . 

I  • 

!  5.  We  have  also  included  a  sign  that  should  be  placed  on  the 
I  glare  shield  when  the  aircraft  is  not  'in;  flight.  It  may  be 
[  stored  in  the  map  case  or  wherever  you*  find  appropriate.  This 


AFLC  —  Lifelind  of  tho  Aerorpae*  T«am 
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\  • 


should  become  a  part  of  the  routine  when  leaving  the  airplane  to 
warn  those  who  may  not  recognize  the  windscreen  of  its  special 
cleaning  procedures. 


6.  Point  of  contact  Lt  Janaine 


LESU6  DAVIS 

fiqhHr/TAcyrm  S5cr 

Sytfwn  Man«gwn«nt  Ofv^ 


Soslcovich/MMSRA/Autovon  945-7S61. 
5  AtCh 

1.  Distribution  List 

2.  Reporting  Forms 

3.  Cleaning  Instructions 
♦.  Removal  Procedures 

5.  Warning  Sign 

cc  :  HQ  ATC  LGM/SEF 
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Distribution  List 


71FTU/D0Y/MAQ  (Acft  62-3721) 
Vance  AFB  OK 

12FTW/POV/MAQ  (Acft  66-8402) 
Randolph  AFB  TX 

47FTW/00Y/MAQ  (Acft  64-132S1) 
Laugh! in  AFB  TX 

14FTW/00V/MAQ  (Acft  61-0849) 
Columbus  AFB  MS 

a2FTW/00V/MAQ  (Acft  62-3616) 
Williams  AFB  AZ 

64FTW/00Y/MAQ  (Acft  62-3681) 
Reese  AFB  TX 

8OFTW/00V/MAQ  (Acft  62-3750) 
Sheppard  AFB  TX 


ATTACHMENT  I 
REPORTING  FORM 
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1.1  This  form  Is  to  be  used  to  report  maintenance  actions 
involving  the  test  windshields.  This  form  should  be  completed  and 
sent  to  SA>ALC/MMSRA  every  month.  Oates  and  location  for  aircraft  TOY 
should  be  noted  on  the  reverse  side. 

1.2  Part  I:  Self  explanatory. 

1.3  Part  II:  Can  be  obtained  from  standard  maintenance 
documentation.  Include  routine  and  non«routine  actions.  State  any 
deviation  from  special . cl eaning  procedures. 


! 


I 


I 


•  •*. 
i 
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J 


■-33  '..-I.-lOSHIsLO  liAi:iTZ:iAHCZ  ?.£?WT 


PART  I:  tQ£[lTrFrCATIQ;t  A.‘:Q  LGCATron 

AIRCRAFT  TAIL 

'.UMBER: 

• 

MTE: 

SASc/LOCATlOri: 

• 

• 

HOURS  rLri;:G  p 

;r  report  period 

1 

*  PART  II: 

1 

.MAIf  TE.'.'AriC£  RECORD 

OATS 

DISC 

OilSCREPA/JCY 

1 

1 

CORRECTIVE 

ACTION 

CLOCK  KRS/ 
MANHOURS 

1 

2.1  This  form  is  to  be  completed  by  the  unit  project  officer  on  a 
monthly  basis  for  the  ground  weather  conditions  that  aircraft  are 
exposed  to.  normally,  only  one  form  set  per  month  will  be  required. 
Additional  forms  may  be  required  if  the  test  aircraft  are  deployed  to 
other  bases  and  all  of  the  information  cannot  be  entered  in  a 
meaningful  manner. 


2.2 

Date  : 

Self  explanatory 

2.3 

T emperature  :  F 

2.4 

qusts. 

Wind  : 

Record  the  average 

speed  for 

the  day  and 

maxi  mum 

2.5 

Z  RH  : 

Record  the  average 

rel ati ve 

humidity  for 

the  day. 

2.6 

Conditions:  Record  the  conditions 

for  precipitation,  cloud 

cover,  pollution  index,  etc. 
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T-33  WIIIOSHIELO  OURASaiTY  PROGRAM 
WEATHER  COMQITIOflS  REPORT 

TT>  1 1  nimha*** 


RH 


wi.'a 

AVERAGE  GUSTS 


CO.‘»(TIO.*iS 


3.1  This  form  is  to  be  completed  by  an  aircrew  member  upon  the 
completion  of  each  flight  in  an  aircraft  fitted  with  bird  impact 
resistant  windshields. 

3.2  Part  I:  Self  Explanatory 

3.3  Part  II  : 

A.  Conditions  and  Duration:  Check  appropriate  block! s)  to 
indicate  the  conditions  encountered  during  flight  and  record  the 
approximate  total  duration  (in  minutes). 

8.  Flight  Profile:  Briefly  describe  the  flight  airspeeds  and 
altitudes  vs  time  of  flight  profiles.  It  is  anticipated  that  each 
unit  will  have  standard  or  typical  mission  identifier  may  be  assigned 
with  the  identifier  used  after  the  first  explanation.  Example:  If 
all  low  level  radar  missions  are  flown  following  similar  airspeed  and 
altitude  profiles  then  these  profiles  would  be  submi tted . one- ti me  with 
a  suitable  identifier  such  as  "LLR“  then'only  "LLR"  need  be  entered  on 
the  form  for  subsequent  missions. 

.-3.4  Part  III:  Windshields  Comparison:  Compare  the  test 
windshields  just  flown  to  the  currently  used  T-38  windshields  and 
reco  rd'  rel  a  ti  ve  merit  with  respect  to  the  optical  characteristics 
listed.  Sase  the  comparison  on  past  experience  and  the  windshield 
optical  characteristics  observed  during  this  flight.  Record  the 
comparison  by  checking  the  appropriate  boxes. 

3.S  Part  lY :  Comments:  Self  Explanatory. 


I 

I 

1 


t 

I 

I 
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r-33  Windshield  Aircrew  Debriefing  Report 


Part  I;  AIRCRAp  TAIL  .‘!L'M3£R: 
Take  off  Time: 

Crew  Mimter 


Date: 

Land  Time; 


?irz  tl 


CCrSlTIQS 


Rain  Lt 

1 

(  )  ■ 

• 

Sleet  L 

lo  ■ 

Snow  Lt 

L).  ’ 

Ouraticn  (Mini 


Med  (  )  Heavy  (  ) 
Med  (  )  Heavy  (  ) 


Clouds  lit  (  )  Hed  (  )  Heavy  (  ) 
Below  2000  FTAGL  (  ) 

Slowing  Qust/Sand  (  ) 

I 

Other  (  .)  (Specify 
8.  FLIGHT  PROFILE 


Part  III:  MIMOSHrELO  CCMPARISOfl 


Much  Setter 

Better 

Same 

Worse 

Hoc hi  Worse 


6  •>* 
•-  C 
O 


u  o.  u 
o  W 

w  w  o 

4^  «Pi»  ^  M 

^  3  tl  ^ 

O  X  GS  S 


^art  lY:  CCWEHTS  (Continue  on  Reverse  If  Heeded), 


cleaning  and  oe-icing  instructions 


1.0  SPECIAL  INSTRUCTIONS 

1.1  Remove  rings,  watches,  and  bracelets.  Do  not  let  zippers, 
belt  bucicles,  etc.,  contact  the  transparency. 

1.2  Do  not  clean  the  transparencies  with  a  dry  cloth  or  dry 
paper. 

1.3  Never  clean  with  abrasive  wipers  such  as  ordinary  paper 
towels. 

l.A  Never  use  masking  tape  or  bullhide  on  the  transparency. 

1.5  Do  not  use  extreme  pressure  or  mechanical  tools 
(buffing  wheels)  for  cleaning. 

2 . 0  MATERIALS.  TOOLS,  EQUIPMENT 

2.1  Lint  free  optic  cloth  wipers,  ICaydry,  chamois,  cotton 
cloth  CCC-C-4S3,  flannel  cloth  or  eqtrivalent. 

2.2  Cleaning  solution  made  up  of  30*  distilled  water,  18* 
Isopropanol,  and  2*  Dawn  liquid  soap  or  equivalent  (by  volume). 
Distilled  water  is  preferred  but  tap  water  may  be  substituted  if 
it  appears  clean  of  abrasives. 

2.3  50/50  I sopropanol /water  solution. 


3.0  PROCEDURE 

311  Clean  outboard  surface  with  cloth  (Section  2.1)  soaked 
in  cleaning  solution  (Section  2.2).  Wipe  off  excess  with  gentle 
strokes  using  dry  lint  free  cloth  (Section  2  ..1 ) . 

3.2  Clean  again  with  50/50  I sopropanol /Water  cleaning 

solution  and  cloth  (Section  2.1)  to  guarantee  removal  of  all 
cleaning  solution.  Wipe  off  excess  with  gentle  strokes  using 
lint  free  cloth  (Section  2.1).  i 

i 

3.3  Inspect  and  re-clean  as  required.  | 

t  •  • 

3.4  Repeat  3.1,  3.2,  and  3.3  on  inboard  ;surface. 

.  I  • 

4.0  DE-ICING  PROCEDURE 

- ,  ;  j 

4.1  De-icing  fluids  may  be  used  on'  the  transparency  and  then 

wipe  with  a  cotton  cloth.  > 

» 

4.2  Do  not  scrape  the  transparency. 
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IMSTALLATtON.  REMOVAL  ANO  LIFTIMG  PROCEDURES 


Follow  all  T.O.  1T-38A>2>2  installation  procedures  for  the 
forward  windshield  frame  with  these  precautions: 

1.  Before  attempting  to  install  hinge  pins  or  aft  retaining 
bolts  in  bottom  of  frame  check  to  see  if  hinge  nodes  line  up  on 
both  sides.  If  the  nodes  are  wider  than  the  fuselage  obtain  a 
pipe  clamp  approximately  36" 'in  length.  Use  the  clamp  on  the  aft 
frame  ledge  approximately  5"  up  from  the  longeron.  The  frame 
should  be  protected  by  masking  tape  in  the  area  where  the  clamp 
makes  contact.  Pull  the  frame. in  until  the  nodes  on  the  hinge 
line-up.  Insert  the  aft  retaining  b^lts  and  then  insert  the 
hinge  pin  rods.  Remove  the  clamp  after  tightening  the  aft 
retaining  bolts. 

2.  For  removal  or  lifting  the  pipe  clamp  should  be  placed  in 
the  same  position  as  noted  above  for  installation.  Before 
attempting  to  remove  the  hinge  pin  rods  or  retaining  bolts,  apply 
pressure  on  the  pipe  clamp  then  remove  bolts  and  pins.  The 
pressure  on  the  pipe  clamp  should  be  applied  in  such  a  manner 
that  it  gently  maintains  the  distance  across  the  aft  arch, 
keeping  it  from  spreading  when  removing  the  hinge  pins.  This 
pressure  should  not  be  so  great  as  to  deform  the  frame.  Release 
pressure  on  clamp  slowly. 

CAUTION  : 

Oo  not  mask  transparency  with  tape  or  any  adhesive  type 
covering. 

Allow  proper  24  hour  cure  time  for  all  sealants. 
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APPENDIX  E 


PILOT'S  RATING  AND  COMMENTS 
FOR  EACH  INDIVIDUAL  BASE 
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COMMENTS 

WINDSCREEN  APPEARS  TO  BE  SLIGHTLY  TINTED 

THE  CANOPY  FRONT  IS  THICKER-  r^KING  BACKSEAT  LANDINGS  MORE  DIFFICULT 

SLIGHT  DISTORTIONS  WHERE  THE  CANOPY  MEETS  THE  GURESHIELD 

NO  DIFFERENCE  OTHER  THAN  THE  TINTING 

BACK  SCAT  HAS  GREATER  DISTORTION  ESPECIALLY  NEAR  THE  SIDES  MAKING  BACK  SEAT  APPROACHES 

MORE  DIFFICULT-UNUSUAL  COLORS  ARE  QUITE  NOTICEABLE  ESPECIALLY  GOING  THROUGH  CLOUDS 

CANOPY  BRACE  IS  THICK-LIMITS  VISION  SLIGHTLY 

CANOPY  BOW  IS  THICK  WHICH  RESULTS  IN  MORE  RESTRICTED  VIEW 

SIGNIFICANT  REDUCTION  OF  FORWARD  VISIBILITY  FROM  REAR  COCKPIT 

THICKER  SO  MAKES  BACK  SEAT  LANDING  THOUGHER 

LARGER  FRONT  CXKPIT  CANOPY  BOW  CUTS  DOWN  FORWARD  VISION  FROM  REAR  SEAT  A  LITTLE 

THICKNESS  OF  CANOPY  BOW  AND  DIFFERENT  MAG  COMPASS  MOUNT  MAKES  VISIBILITY  FROM 

REAR  COCKPIT  DURING  STRAIGHT  INS  DIFFICULTdl.  NO  FLAPS) 

AS  A  FORMATION  SHIP  IT  IS  DIFFICULT  TO  GET  A  CLEAR  PiaURE  OF  LEAD  ON  TURING  REJOINS 

DUE  TO  A  SMALL  BIT  OF  DISTORTION  IN  THE  FRONT  CORNERS  OF  THE  FRONT  WINDSCREEN 

AS  THE  OUTSIDE  TEMPERATURE  WENT  DOWN-THE  WINDSCREEN  TENDED  TO  POLARIZE  SIGNIFICANTLY 

TO  THE  POINT  WHERE  IT  WAS  DIFFICULT  TO  SEE  SMALL  06JECTS( AIRCRAFT  TRAFFIC) 

FORMATION  SHI  P  HARO  TO  GH  A  CLEAR  PICTURE  OF  LEAD 

DURING  LANDING  PHASE  DIFFICULT  TO  SEE  OVERRUN  FROM  BACK  SEAT  IT  APPEARS  BLURRY- 

MAKING  DEPTH  PRECEPTION  DIFFICULT 

VISION  FROM  BACK  SEAT:  THE  CANOPY  BOW  IS  THICKER  AND  MAG.  COMPASS  MOUNT  BIGGER 

RESULT— WORSE  VISION  FROM  REAR 

DISTORTION  FROM  REAR  CXKPIT  DIT  NOT  AFFECT  FLYING  TRAFFIC  PAHERNS  AND  LANDINGS 

OONT  THINK  THERE'S  ANYTHING  WRONG  WITH  CANOPY- IT'S  JUST  THAT  WE'RE  HOT  USE  TO  IT 

CANOPY  BOW  TO  THICK-  CHANGES  AIM  POINT 

CANOPY  BOW  TO  THICK  AND  THROWS  OFF  USUAL  AIM  POINT-CUTS  DOWN  CLEARING— 

DO  NOT  RECOMMEND  THIS  JET  FOR  INITIAL  SOLOS 

THICKER  CANOPY  REDXES  REAR  CXKPIT  FORWARD  YISIBIUtY  SIGNIFICANTLY 

DEPTH  PERCEPTION  IS  VERY  BAD 

DISTORTION  ON  LANDI NG-  LESS  VISION  FORWARD  FROM  REAR  CXKPIT 

VISIBILITY  VERY  PXR  FROM  REAR  CXKPIT 

CANOPY  BOW  IS  TX  THICK-IMPAIRS  BACK  SEAT  VISION 

CANOPY  BOW  IS  TX  WIDE 

FROM  REAR  CXKPIT  STRAIGHT  LINES  APPEAR  TO  BEND 

XULD  SEE  LINES  DISTORT  IN  REAR  CXKPIT 

REAR—  REDXED  VISIBILITY 

NOTICEABLE  DISTORTION  ONLY  PRESENT  AT  BOTTOM  EXES  OF  WINDXREEN— 

WIDER  CANOPY  BOW  ALSO  OBSCURES  NOTICEABLY  MORE  AREA 

DISTORTION  IS  MAINLY  AROUND  BOHOM  OF  THE  WINDXREEN 

THICK  CANOPY  BOW  CAUSES  VISIBILITY  PROBLEMS  AND  XME  DISTORTION 

REAR  CXKPIT  AND  FRONT  CXKPIT- NEW  CANOPY  BOW  SEVERELY  RESTRICTS  FORWARD 

VISIBILITY  ESPECIALLY  IN  FORMATION 

PXR  VISI  Bl  LITY  FROM  BACK  SEAT-  DISTORTION  MAKES  A/C  LXK  HIGHER  THAN  ACTUAL 

THE  ONLY  REAL  PROBLEM  WITH  THE  CANOPY  IS  THE  LOSS  OF  FORWARD  VISIBILITY  DUE  TO  THE  WIDER 

CANOPY  RAIL- -REAR  CXKPIT-THE  NEW  CANOPY  GREATLY  DECREASES  THE  FORWARD 

VISIBILITY  BECAUSE  OF  THE  LARGER  CANOPY  RAIL 

FRONT;  GLARE  WAS  A  PROBLEM  OVERALL  AND  ALSO  WITH  PRISM  EFFECT  IN  LOWER  FRONT  AND 

AROUND  SIDES  OF  WINDXREEN-  REAR;  605K  REDUCTION  IN  FORWARD  VISION  DUE  CANOPY  BOW 

RAINBOW  AND  GLARE  WHEN  POINTED  INTO  SUN  REDUCED  FORWARD  VISION  FURTHER 


VISION  FROM  BACK  SEAT:  THE  CANOPY  BOW  15  THICKER  AND  mC  COMPASS  nOUHT  IS  BIGGER 
RESULT- -WORSE  VISION  FROM  BACK _ 
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DISTORTION  FROM  REAR  COCKPIT  DID  NOT  AFFECT  FLYING  TRAFFIC  PAHERNS  AND  LANDINGS 

REDUCES  YISIBILITY  FROM  BACK  SEAT  FOR  LANDING-NOT  A  GOOD  TREND  IN  A  TRAINER-DID  NOT 

NOTICE  TILL  LANDING  PHASE-SLIGHTLY  CHANGES  PICTURE(LIMIT  TO  POST  CONTAa  CHECK  STUDENTS 

GOOD  CLARITY- BUT  LOSS  OF  YISION  DUE  TO  WIDER  CANOPY  MIL 

FRONT  CXKPIT  MUST  LEAN  FORWARD  TO  LOOK  STRAIGHT  AHEAD 

DEPTH  PERCEPTION  IS  DECREASED  DUE  TO  DISTORTION  AND  REFLECTIONS— YISIBILITY  IS 

DECREASED  DUE  TO  ENLARGED  CANOPY  BOW  AND  PLACEMENT  OF  MAG  COMPASS 

VERY  RESTRICTIVE  FLYING  FORMATION  OFF  OF  OTHER  A/C- DISTORTION  ALONG  OUTER  EDGES 

ONLY  REASON  IT'S  WORSE  IS  ON  NO  FLAP  LANDINGS  WHERE  DISTORTION  IS  A  BIG  FACTOR 

OVERALL  WINDSHIELD  RATES  THE  SAME- HOWEVER  FOR  SAFETY  REASONS  IT  IS  MXH  PREFERRED 

DISTORTION  OCCURS  LOOKING  THROUGH  LOWER  PARTS  OF  WINDSHIELD  DURING  NO  FLAP  LANDINGS 

BACK  SEAT  LANDINGS  ARE  SPORTY-CANOPY  BOW  IS  MXH  LARGER  TMN  OTHER  WINDSHIELDS 

WHICH  CUTS  DOWN  ON  VISIBILITY  AND  WHAT  YOU  SEE- DISTORTIONS  ARE  MXH  WORSE  ALSO 

REAR  COCKPIT  VISIBILITY  REDXED  BY  EXTRA  WIDE  CANOPY-FRONT  COCKPIT:  THE  DISTORTION 

WAS  ONLY  IN  LOWER  1  /3  OF  THE  FRONT  WINDSCREEN 

EXTRA  LARGE  CANOPY  BOW  hMDE  REAR  CXKPIT  LANDINGS  MORE  DIFFICULT 

TEND  TO  f^KE  YOU  THINK  TMT  YOU  ARE  CLOSER  TO  GROUND- ^«LKES  YOU  FLARE  HIGHER 

VISIBILITY  IS  SO  RESTRICTED- ESPECIALLY  FOR  THE  REAR  CXKPIT-THAT  THERE  IS  HO  WAY 

THIS  WINDSCREEN  CAN  BE  RATED  THE  SAME  AS  THE  OLD  ONES 

CLOSE  TO  THE  GROUND  IT  BECOMES  MRDER  TO  GET  A  CLEAR  PICTURE-  FROM  THE  REAR 

THE  LARGER  CANOPY  BOW  FURTHER  REDXES  FORWARD  VISIBILITY 

DISTORTION  WORSE  AROUND  EDGES- BOTTOM  FRONT  DIFFICULT  TO  JUDGE  DURING  LANDINGS 

APPEARS  TO  HAVE  SMALLER  FIELD  OF  YISION  FROM  RCP&FCP-FCP  RAINBOWS  WITH  REFLECTIONS 

CANOPY  RAIL  IS  A  LOT  THICKER  WHICH  HAS  A  NOTICEABLE  EFFECT  ON  THE  VISIBILITY 

SEAT  REFERENCE  FOR  THE  FRONT  CXKPIT  IS  DIFFERENT 

CANOPY  IS  THICKER  WHICH  LEADS  TO  REDXED  YISIBILITY 

FRONT  SEAT:  CANOPY  RAIL  WIDER  WHICH  mKES  COMPARISON  WORSE  FOR  BACK  SEAT 

PILOT  YISIBILITY(ESPICALLY  FOR  LANDINGS) 

REAR  CXKPIT  YISIBILITY  REDXED  SIGNIFICANTLY 

LAST  THING  THEY  NEED  TO  DO  TO  THE  T-58  IS  FURTHER  RESTRICT  THE  VISIBILITY  OF  BACK  3EATER 

REDXES  XP  YIS  OVERALL  YISIBILITY  IS  TERRIBLE 

THE  FRONT  WINDSHIELD  IS  OBSTRUCTED  BY  CANOPY  BOW  ALSO 

MAKES  HARDER  TO  SEE  WHEN  XING  TORNING  REJOINS 

■  ill 

LOW  LEVEL  MISSION  DISTORTION  IS  POTENTIALLY  DANGEROUS 

YISIBILITY  FROM  XP  IS  MXH  WOXE 

HURTS  DEPTH  PEXEPTION  THINGS  APPEAR  SMALLER  THAN  THEY  ARE 

VERY  DISTORTED  CROSS  BAR  IN  THE  F/C/P  IS  SO  THICK  THAT  IT  TAKES  AWAY  SOME  OF  THE 

ALREADY  LIMITED  VIEWING  AREA  IN  THE  R/C/P.  VERY  DISTORTED  ON  THE  SIDES 

BASICALLY  IT  SXKS 

VERY  DIFFICULT  TO  SEE  FXM  THE  R/C/P  DUE  TO  WIDER  CANOPY  BOW  OH  FXNT  CANOPY 

LANDING  DIFFICULT  TO  JUXE  DUE  TO  LOWER  EDGE  DISTORTION 

DISTORTION  IS  TERRIBLE.  LANDINGS  FXM  XP  WERE  DIFFICULT  IF  TRYIX  TO  LXK  THXXH 

FXNT  WINDXREEN.  OVERALL  IT  IS  VERY  PXR  VISUAL  QUALITY. 

THE  THICKER  GLASS  OFFSETS  WHAT  YOU  ARE  LOOKING  FOR:  ESPECIALLY  WHEN  REJOINIX 

IN  FORMATION.  LANDIX  PICTURE  IS  DISTORTED  ALSO. 

VERY  PXR  FORWARD  YISIBILITY  CAUSES  HIGH  FLARES  BOTH  CXKPITS. 

F/C/P  PILOT  TXXHT  IT  WAS  LIKE  LXKIX  THXXH  XMEONE  ELBE'S  PERXRIPTION  SUXLASSES 

ON  LANDIX  1  FELT  CLXER  TO  THE  GXUND  THAN  1  ACTUALLY  WAS.  SET  GXUND  FOR  HIGH 

FLARES  ON  FIRST  THREE  APPBOACHES.FELT  VERY  UNCOMFORTABLY  LOW  COMING  INTO 


THE  OYERRUN  BUT  THE  BOX  MADE  NO  COMMENTS  AND  I  WAS  TOUCHING  DOWN  UP  TO 
2000  FT.  DOWN. 


213 


WILUAHSTAiL«36t6 


WIDER  CANOPY  RIM  HIDES  OTHER  AIRCRAFT 


NOTICED  SLIGHT  PRISM  EFFECT  NEAR  LOWER  EDGE  OF  FRONT  aNOPY 


f^KES  WIR07003EE  WHILE  TAXI  I NG  _ 


A  SLIGHT  DISTORTION  EXISTS  WHICH  COULD  PR08ABLY  BE  GOTTEN  USED  TO  IF  ALL 


WINDSCREENS  WERE  THE  SAME. 


IP  WAS  IN  FRONT  SEAT/INEXPERIENCED  STUDENT  IN  BACK.  WHEN  LOOKING  DOWN  OR  AT  SHORT 


DISTANCES-THE  VISION  WOULD  BE  SLIGHTLY  DISTORTED-THE  DISTORTION  WAS  CHARAaERlSTICALLY 


CLOUDY  TO  IMZY.  IT  WAS  LIKE  LOOKING  THROUGH  UNFKUS  BINKULARS.  WHEN  YOU  FKU5 


YOUR  AIMPOINT  TO  A  DISTANCE  OBJECT.  THE  DISTORTION  WENT  AWAY. 


STUDENT  WAS  IN  RCP  FOR  INSTRUMENT  (HOODED)  SORTIE.  IN  THE  FCP.  NEAR  THE  RUNWAY 


THE  VISION  WAS  BLURRED  SLIGHTLY  BY  THE  CANOPY'S  DISTORTION. 


DISTORTION  IN  FRONT  ‘L‘  OF  CENTER  WINDSCREEN 


OK  FOR  VISIBILITY.  BUT  WHEN  FLYING  TOWARDS  SUN  IT  WAS  VERY  HAZY  TO  LOOK  THROUGH. 


THE  DISTORTION  WAS  A  LITTLE  WORSE.  BUT  THE  LOWER  CANOPY 


mKES  FORMATION  VISIBILITY  BEHER. 


LOOKING  THRU  THE  LOWER  PORTION  OF  THE  WINDSCREEN  THE  VISION  IS  BLURRED 


DISTORTION  WORST  TORWARDS  BOTTOM—  httKES  YOU  FEEL  VERY  STEEP 


FRONT  CXKPIT  CANOPY  BOW  THICKNESS  DOCS  CAUSE  SOMEWHAT  OF  A  FORWARD  VIS 


PROBLEM.  IT  IS  ALMOST  01 RECTLY  EYE  LEVEL.  _ 


DONT  LIKE  IT 


CANOPY  BOW  SEEMS  LOWER  IN  FRONT  CANT  SEE  FROM  BACK 


FCP  CANOPY  BOW  SEEMS  TO  BLOCK  VIEW  MORE  TWN  NORMAL _ 


SP  WAS  ON  1ST  SORTIE  SO  HAD  LIHLE  TO  COMPARE 


IP  GRADED  FRONT  C/P  BASED  ON  F/C/P  EXPERIENCE  IN  PAST 


R/C/P  IS  WORSE  DO  TO  MORE  RESTRICTED  VISIBILITY  FROM  WIDER  CANOPY 


FROM  DISTANCE  WITH  HAZE  HARO  TO  SEE  RUNWAYS  _ _ 


CANOPY  BOW  TOO  LOW.  FROM  BACK  SEAT  CANT  SEE  OUT  AT  ALL. 


TOO  BIG  A  CANOPY 


THE  VISIBILITY  IS  RESTRICTED  FROM  THE  BACK  COCKPIT  DUE  TO  A  WIDER  CANOPY 


RCP  NO  FLAP  SPORTY  CANOPY  BOW  TOO  LARGE  _ 


LOTS  OF  COLOR  DISTORTION  (  PRISM  EFFECT  }  NEAR  FRONT  OF  WINDSCREEN 


AND  BOnOM  BACK  CORNERS  _ 


COLOR  AND  LINEAR  DISTORTION 


DISTORTION  APPEARS  TO  BE  RIGHT  AROUND  THE  EDGE  OF  THE  FRONT  Wl  NDSCREEN 


IF  YOU  FLEW  WITH  THIS  WINDSCREEN  ALL  THE  TIME  YOU  COULD  PROBABLY  ADJUST  _ 


FCP  DISTORTION 


WHEN  DOING  NO  FUP  STRAIGHT  IN  LANDINGS  THE  REAR  CXKPIT  MEMBER  IS  FORCED  TO 


LXK  THROUGH  THE  BOHOM  PORTION  OF  THE  FRONT  CXKPIT  Wl NDXREEN 


THAT  VIEW  IS  BLURRED  AND  QUITE  DISTORTED.  DURING  NORMAL  PATTERN  LANDINGS 


THE  PITCH  PICTURE  IS  LOWER  AND  DISTORTION  IS  LESSENED.  _ 


TX  THICK  BOW  _ 


DEFINITE  DISTORTION  DURING  TAKE-OFFS  AND  LANDINGS  _ 


VERY  BAD  ON  LANDING  AND  TAKE  OFF  _ 
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COMMEMTS 


EXACTLY  WHERE  THE  PILOT  TUBE  AHACHES  TO  THE  A/C-8EAR  C/P-MO  PBOBLETO  LANDING  BUT 


AHACH  BOLTS  FRONT  W/S  AND  IP'S  W/S  WERE  MORE  NOTICEABLE- PICTURE  AREA  LANDING 


FRONT  CXXPIT-YIEW  THROUGH  FRONT  WINDSCREEN  13  DEFINITELY  DECREASED  DUE  TO  THE 


liOUNTING  BRACKET-NQT  A  MAJOR  PROBLEM  ON  A  CONTACT  SORTIE-COULD  BE  MORE  OF  A  PROBLEM 


IN  FORMATION(TRAI L- REJOIN- ETC)- REAR  COCKPIT-THE  NEW  MOUNTING  FOR  THE  FRONT  W/3 


RESTRICTS  THE  FORWARD  YIEW  INTERFERING  WITH  LANDING  YISIBILITY  SOMEWHAT 


PROBLEMSIiil 


PROBLEM  FROM  EITHER  COCKPIT 


PROBLEMS—  NO  CHANGES 


FRONT  CXKPIT  NOTICED  SLIGHT  POLARIZATION  RAINBOWS- PROBABLY  DUE  TO  COMBINATION 


OF  DARK  HELMET  YISOR  AND  WINDSCREEN 


PROBLEMS  NOTED 


ACTUAL  YISIBILin  IS  REDUCED  DUE  TO  EXTRA  LARGE  CANOPY 


SOME  DISTORTION  NEAR  BASE-BUT  NOT  CRITICAL  AT  ALL-INCREASED  THICKNESS  OF  THE  CANOPY 


ATTACH  PT  MAY  HAMPER  YISIBILITY  FROM  THE  REAR  COCKPIT— MY  COMPASS  APPEARS  TO 


BE  LOWER  IN  THE  PILOTS  FIELD  OF  YISION 


FCP-  DISTORTION  ALONG  BASE  OF  SCREEN  IS  WORSE-RAINBOW  REFLECTION  DURING  IMC  OPS 


TECHNIQUES  FOR  ADJUSTING  SEAT  HEIGHT  FROM  FRONT  CAN  NO  LONGER  BE  USED 


CANOPY  HAS  HO  SCRATCHES  WHICH  WAS  A  SIGNIFICANT  FACTOR 


LARGER  CANOPY  BOW  HINDERS  FORWARD  YISIBILITY  FROM  INSTRUCTORS  YIEW- ENLARGED 


CANOPY  BOW  A  THE  POSITION  OF  MAG  COMPASS  MAKES  YISIBILITY  A  LOT  MORE  DIFFICULT 


THERE  IS  ALSO  A  LIHLE  MORE  DISTORTION  LOOKING  FORWARD 


THERE  WAS  A  NOTICEABLE  AMOUNT  OF  DISTORTION  WHILE  FLYING  IN  THE  F/C/P-IN  R/C/P  THERE 


WAS  NO  SIGNIFICANT  DIFFERENCE  IN  DISTORTION-ON  FIRST  SORTIE  CPT  SMITH  FLEW  SOLO 


AND  THE  SECOND  DUAL  BUT  STILL  IN  THE  F/C/P-  HIS  INFO  ON  THE  R/C/P  IS  FROM  DISCUSSION 


WITH  LT  CHAEL  WHO  RODE  IN  THE  R/C/P  ON  THE  SECOND  SORTIE 


REDUCES  VISIBILITY  DUE  TO  LARGE  CANOPY  BOW-YOU  NEED  TO  PAINT  HARDWARE 


ON  NEW  PLATING  TO  AVOID  GLARE 


GET  SOME  RAINBOW  COLOR  EFFECT  AT  AN  ANGLE  WHEN  LOOKING  THROUGH  THE  FRONT 


CANOPY  FROM  THE  REAR  CXKPIT 


FROM  FRONT  CXKPIT-  SLIGHT  OISTOERTION  IN  MIDDLE  OF  WINDXREEN  AT  THE  BOTTOM _ 


IN  THE  VERY  FRONT-NO  FACTOR  TO  VISIBILITY-NO  DIFFERENCE  IN  BACK  CXKPIT  NOTED 


THE  EXTRA  CANOPY  BOW  RESTRICTS  YISIBILITY  OUT  THE  FRONT-SILVER  NUTS  DISTRACTING 


LARGER  CANOPY  BOW  RE0XESYI3IBILITY<E3P  FORMATION  SORTIES)-  DOUBLE  irWJE  _ 


WHEN  VIEWING  THROXH  LOWER  RIGHT  PORTION  OF  FRONT  CANOPY _ 


URGER  CANOPY  BOW-  SMALL  TINT  TO  CANOPY- HARD  TO  SEE  ICE  ON  WINDSCREEN _ 


MXH  DIFFERENCE _ 


NOTICEABLE  DIFFERENCE  F/CP  OR  R/C/P  ON  DAY  FORMATION  WITH  CLEAR  WEATHER 


SOME  DISTORTION  SEEMED  MORE  LIKE  REFLECTIONS-SEEMED  DARKER-SOME  DISTRACTION 


BECAUSE  OF  THE  2  BARS  HOLDING  THE  WINDSCREEN  BETWEEN  CXKPITS-BUT  NO  FACTOR 


THE  ADVANTAGES  PROBABLY  OUTWEIGHT  DISADVANTAGES-  SLIGHT  DISTORTION  WHEN 


CLIMBI NG  AND  CLEARI NG  FOR  TRAFFIC  ON  THE  HORIZON  _ 


NOTICEABLE  01 FFERENCE  EXCEPT  THE  SHEET  METAL  OVER  THE  FRONT  EDGE  OF  THE  NEW  SCREEN 


EXTENDS  HIGHER  THAN  OLO-WITH  THE  FRONT  SEAT  ALL  THE  WAY  UP^  I  COULD  NOT  SEE  THE  BASE 


OF  THE  PILOT  TUBE- WITH  STANDARD  XREEN I  CAN  SEE  THE  BASE  OF  PILOT  TUBE.PLUS  A  PORTION 


OF  NOSE  COWLING-COULD  CAUSE  STUDENT  DIFFICULTY  DETERMINING  NORMAL  SEATING  HEIGHT 


CLEARER  YISIBILITY  DUE  TO  HO  XRATCHES!!!!!  _ 


CANOPY  BOW  IN  FRONT  CXKPIT  IS  TX  WIDE- RESTRICTS  SOME  YISIBILITY  FROM  FRONT  _ 


CANOPY  BOW  IS  TX  LOW- IT  RESTRICTS  VISION  DURING  ALL  PHASES  OF  FORMATION  WHERE _ 


LEAD  IS  IN  THE  FORWARD  PORTION  OF  WINDSCREEN  _ 


THE  WINDSHIELD  rWJHIFIESOBJECTS  WHILE  SITTING  ERECT  AND  DISXNTINUES  MAGNIFICATION 


MljJj 

IS 
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WHEN  YOU  DUCK  YOUR  HEAD-  SLIGHT  GREEN  PATCHES  ON  THE  RIGHT  AND  LEFT  FORWARD  EDGES 

WHERE  CANOPY  AHACHES  TO  AIRFRAME 

CANOPY  BOW  RESTRICTS  FORWARD  VISION 

WITH  THE  AMOUNT  OF  TIME  SPENT  IN  THE  WEATHER  IT  WAS  DIFFICULT  TO  JUDGE 

THE  DIFFERENCE  BETWEEN  THE  TWO 

CANOPY  BOW  WAS  MUCH  BIGGER  WHICH  REDUCED  VISION  FROM  THE  REAR 

VERY  BAD  REFLECTION  FROM  BOTH  STUDENTS  HELMET  AND  MV  FLIGHT  SUIT  IN  BACK 

YOU  CAN  SEE  THE  SLIGHT  OILY  RAINBOW  COMPOSITION  AND  IT  IS  SLIGHTLY  DARKER- PREVENTS  GLARE 

AND  REFLECTION  BUT  IS  HAZIER-CANOPY  BOW  SHAPE  THICKER-CUTS  DOWN  YI8IBLITY  SLIGHTLY 

NO  SIGNIFICANT  IMPACT  OVERALL 

FIELD  OF  VIEW  REDXED 

IN  FRONT  SEAT  SEVERELY  DISTORTS  DURING  LANDING  PHASE-THERE  WAS  ALSO  A  RAINBOW 

EFFECT  BEHIND  US-  BACK  SEATER  REPORTED  PROBLEM  WITH  LARGER  CANOPY  BOW  IN  UNDING 

AND  TAKEOFF 

NO  DIFFERENCE 

YELLOW  TINT 

THE  STUDENT  IN  FCP(LT  HOWE) DIO  NOT  NOTICE  ANY  DIFFERENCE  BETWEEN  NEW/OLD  WINDSCREEN 

HOWEVER-AFTER  ONLY  5  RIDES  J(LT  CHAEDFEEL  HE  HAS  LIHLE  ON  WHICH  TO  BASE  COMPARISION 

ON  C5 1 05  22SEP  HE  WAS  JUST  BEGINNING  TO  SEE  THE  PICTURES  ON  UNDINGS-TODAY  CS1 06  HE 

FAILED  TO  SEE  THE  PROPER  ROUNOOUT  POINT  AND  WAS  EXTREMELY  INCONSISTENT- HI /LOW  ETC. 

FRANKLY  1  FEEL  THIS  WINDSCREEN  HAS  A  SERIOUS  NEGATIVE  IMPACT  ON  HIS  TRAINING- 

DUE  TO  THE  DISTORTED  DIFFERENT  PICTURE  PROJECTED  BY  THE  SCREEN 

1  HAVE  FLOWN  THIS  A/C  FROM  FRONT  &  REAR  SCATS-  THIS  SORTIE  IN  REAR  NOTED  NO  DIFFERENCE 

URGER  CANOPV  BOW  REDUCES  FIELD  OF  VIEW  IN  BOTH  COCKPITS 

1  NOTED  SOME  POURIZATION( MULTIPLE  COLORS)AT  THE  LOWER  EDGE  OF  WINDSCREEN- LEFT 

FORWARD  PORTION-  OCCURED  WITH  THE  SUN  AT  OUR  BACK-SHINING  OVER  MYSHOULDCR/HELMET 

ALSO  THE  CANOPY  BOW  APPEARS  A  BIT  URGER-BUT  DIDNT  AFFECT  INFLIGHT  VISIBILITY 

DUE  TO  URGER  CANOPY  BOW  IMRDER  TO  SEC 

FROM  THE  BACK  SCAT  THE  FRONT  CANOPY  BOW  IS  THICKER-  IT  WAS  HARDER  TO  SEE  THE  RUNWAY 

AND  CHECK  RUNWAY  ALIGNMENT  FROM  THE  BACKSEAT 

PLEXY  GLASS  ITSELF  SEEMS  TO  BE  BETTER-LIKE  TINT  BUT  DISLIKE  ENURGED  CANOPY  BOW 

STUDENT  THOUGHT  THAT  YELLOW  TINT  ELIMINATED  SOME  REFLECTIONS- BUT  MIGHT  MAKE  IT 

HARDER  TO  SEC  IN  HAZE-  IP:  NO  REAL  DIFFERENCE  OTHER  THAN  URGER  CANOPY  BOW 

NO  DIFFERENCE  NOTED 

NO  EFFECT  ON  TRAINING 

ONLY  DIFFERENCE  NOTED  WAS  WHEN  1  ADJUSTED  MY  SCAT- USUALLY  LOWER  SCAT  APPRGK.  1 1NCH 

THIS  JET  DIDNT  HAVE  TO  LOWER  THE  SCAT  AT  ALL  TO  SEE  REFERENCES  USED  TO  ADJUST  SEAT 

WINDSHIELD  ITSELF  GOOD— CANOPY  BOWS  ARE  TOO  URGE 

A  LOT  OF  GURE 

VERY  CLEAN  W/S-COULD  SEE  VERY  WELL-  BEHER  THAN  A  NORMAL  CANOPY-CANOPY  BOW 

THICKER  BUT  1  DONT  FEEL  IT'S  TOO  THICK- IMPROVEMENT  OVER  NORMAL  W/S 

THE  DISTORTION  IN  THE  FRONT  C/P  IS  EXCESSIVE 

REFLCCTIONS:WHEN  LOOKING  INTO  THE  SUN(CLEAR  DAY)CANOPY  WOULD  SHOW  RAINBOW  EFFECT 

ON  A  mjORITY  OF  THE  CANOPY  AS  SEEN  FROM  THE  RUR  CXKPIT  ONLY-  FRONT  COCKPIT 

SAW  THIS  ONLY  ON  THE  EDGES  (  NO  FACTOR  ) 

VISIBILITY  FROM  BACK  SCAT  SLIGHTLY  IMPROVED  DURING  UNDING  P^C 

THICKNESS  OF  BOW  CUT  FORWARD  VISIBILITY  DOWN- MAKES  REAR  SCAT  UNDINGS  MORE  SPORTY 

DISTORTION- REFLECTIONS- ETCSEEM  TO  BE  SAME  AS  THE  OLD  W/S- BACK  SEAT  VISIBILITY 

ON  FINAL  SEEMS  TO  BE  SLIGHTLY  IMPROVED 

SUPER  CANOPY. 

RESTRICTION  TO  VISIBILITY  IS  GREATER  AT  t  AND  1 1  OtLOCK  POSITIONS* ^APPEARS  TO  BE 


SMALLER  VISUAL  PICTURE  LOOKING  FORWARD 


I 


STUDENT  CONSISTENTLY  FLARED  HI6H—DIDNT  HAVE  THIS  PROBLEM  BEFORE 


DIFFICULT  TO  CHECK  RUNWAY  ALIGNMENT  ON  FINAL  APPROACH— DIFFICULT  TO  JUDGE  GLIDE 


PATH  BECAUSE  OF  THE  THICKNESS  OF  THE  CANOPY 


NOCIMNGE  NOTED 


BOTH  IP*S(FCP/RCP)SAW  NO  DIFFERENCE  OTHER  THAN  URGER  CANOPY  BOW 


BACKSEAT  VISION  MAY  BE  SLIGHTLY  IMPROVED-OTHERWISE  IT  SEEMS  THE  SAME 


FURED  HIGH. 


STUDENT  IN  FRONT  CXKPIT  COMMENTED  ON  DISTORTION  IN  THE  FRONT  LOWER  WINDSHIELD 


LOOKING  BY  THE  PILOT  BOOM)  DURING  LANDING 


STUDENT  NOTED  DISTORTION  IN  LANDING  PWSE 


DID  TWO  LANDINGS- FIRST  ONE  FLARED  HIGH-SECOND  ONE  WAS  BEHER-THINK  IT  IS  JUST 


A  QUESTION  OF  GEHING  USED  TO  IT 


SLIGHT  DISTORTION  OF  VERTICAL  AND  HORIZONTAL  STRAIGHT  LINES 


CONTRIBUTED  TO  HIGH  FURES- DISTORTION  MAKES  FLYING  FORMATION  DIFFICULT 


STUDENT  IN  FRONT  SEAT  FLARED  HIGH  TWICE 


CLEAR  DAY  CANT  REALLY  COMPARE  REFLEaiONS-HAZE  SEEMS  TO  BE  SLIGHTLY  YELLOWER  TINT 


LOOKING  THRU  THE  CANOPY- DISTORTION  STRAIGHT  OLT  FRONT  OK  BUT  AROUND  THE 


1  AND  11  OtLXK  POSITION  ON  -A  SLIGHT  DISTORTION  NOTED 


MISSION  FINOEN  DUALCONTAa  VARIABLE  AIRSPEEDS  AND  ALTITUDES- NO  DIFFERENCE  WAS 


NOTED  BETWEEN  THIS  WINDSHIELD  OR  ANY  OTHER  WINDSHIELD  I  HAVE  EXPERIENCED  _ 


EXPOSED  HARDWARE  IS  DISTRTAaiNG 


ONLY  REAL  DIFFERENCE  IS  THE  YELLOW  TINT  ON  THE  SCREEN  AND 


THE  OVER  SIZED  CANOPY 


FROM  F/C/P.  THERE  IS  A  BIG  PROBLEM  WITH  MULTIPLE  IMAGES  AND  DISTORATION  LOOKING 


OUT  THE  FRONT  WINDSCREEN.  ALSO  THERE  ARE  COLOR  RINGS  THAT  ARE  VISIBLE  IN  THE  FRONT  _ 


WINDSCREEN  THAT  MAKE  VISION  STRANGE.  THE  EXTRA  THICK  CANOPY  BOW  CUTS  DOWN  _ 


ON  A  LOT  OF  VISIBILITY  _ 


WINDSHIELD  SEEMED  VERY  COMPAWBIE  TO  OLD  TYPE  WINDSHIELD  IN  ALMOST  ALL  RESPECTS 


CONTRIBUTES  TO  HIGH  FURES  /  SINKING  FURES  FROM  STUDENT  PILOT _ 


IMAGE  DISTORTION  MXH  WORSE  CLOSE  TO  CANOPY  RAIL  AND  CANOPY  BOW  COMPARED  _ 


TO  NORMAL  WINDSCREEN.  HOWEVER  VISIBILITY  STILL  GOOD  AND  WAS  NO  FACTOR  DURING  THE 


MISSION.  VISIBILITY  WISE  THIS  WINDSCREEN  WOULD  BE  SUITABLE  FOR  REGUUR  USE _ 


IN  THE  UPT  MISSION.  _ 


THIS  WINDSCREEN  GIVES  VERY  BAD  DISTORTION  DURING  UNDP»VgE— - _ _ 


DUE  TO  CURVATURE  OF  LOWER  PART.  I  CONSIDER  IT  DANGEROUS  TO  FLY 


I  DIDNT  NOTICE  ANY  DIFFERENCES  BUT  IT  WASaEARER 


RECOGNIZABLE  DIFFERENCE.  OVERALL  _ 


REFLECTION  WORSE  THAN  OTHER  WINDSCREENS  WHEN  LOOKING  AT  SUN _ 


DID  NOT  NOTICE  ANY  DIFFERENCE  AT  ALL  BETWEEN  THIS  CANOPY  AND  THE  OTHERS. 


SINCE  THE  VISUAL  EFFECT  IS  THE  SAME  AND  THE  CANOPY  IS  MXH  SAFER 


THE  USE  OF  THIS  HEW  MATERIAL  IS  A  VERY  GOOD  IDEA  _ 


THE  THICK  CANOPY  BOW  DOES  NOT  AFFECT  THE  FRONT  SEAT  BUT  MAKES  IT  A  BIT  MORE  DIFFICULT 


TO  UND  FROM  THE  BACK  SUT.  _ 


CANOPY  BOW  THICKER  NO  RESTRICTION  TO  VISIBILITY  COMPARED  TO  OLD  WINDSCREEN _ 


FROM  FRONT  CXKPIT  _ 


REFRACTION  IS  DIFFERENT:  HOWEVER  NOTHING  THAT  A  SHORT  PERIOD  OF  EXPOSURE  AND 


EXPERI ENCE  WOULD  HOT  OVERCOME.  _ 


LESS  FORWARD  VISIBILITY  _ _ 


I  HAD  A  TALL  STUDENT  WHO  COMPUIHED  THAT  THE  ROW  OF  RIVETS  AHACHINGTHE 


WINDSCREEN  INTERFERED  WITH  HIS  VIEW  _ _ 


CANOPY  BOW  FRONT  AND  REAR  TOO  THICK.  PLEXIGLASS  ITSELfS  SEEMS  ABOUT  THE  SAME. 


I  DIDNT  REALLY  NOTICE  ANY  DIFFERENCE. 
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THICKER  WIN5CREEW  MOUNTS  BEDUCE  VISIBILITY  3UGHTIY. 
BRIGHTLY  FINISHED  MOUHTIHG  BOLTS  ARE  A  SLIGHT  OISTBCTIOM 


IT  SEEMED  TO  GIVE  MORE  RUNWAY  DI8T0RTI0W  AT  HIGH  PITCH  PICTURES. 


OlONT  NOTICE  ANY  DIFFERENCE. 

DISTORTS  AT  LOW  ALTITUDE. 

COULDNT  TELL  ANY  DIFFERENCE. 

FLIGHT  WAS  OF  SHORT  DURATION—  NO  NOTICEABLE  DIFFERENCES  IN  THE  WINDSCREEN. 

FORWARD  VISION  IS  DISTORTED  APPROX  1  -2  OVERRUNS  OUT  ON  FINAL 

TURNING  BLUE  TOWARD  THE  LEADING  EDGE. 

NOTICEABLE  BUT  SLIGHT  DISTORTION  LOOKING  STRAIGHT  AHEAD  AND  DOWN. 

RAINBOW  EFFECT  AROUND  EDGES. 

NO  DIFFERENCES  NOTED. 

ONLY  DIFFERENCE  IS  THE  WIDTH  OF  THE  CANOPY  BOW. 

SLIGHT  DISTORTION  FROM  R/C/P 

DIDNT  DETECT  ANY  NOTICEABLE  DIFFERENCES. 

Dl  D  NOT  MAKE  ANY  LANDI NGS  REDUCED  VISION 

VERY  CLEAR  REDUCED  GLARE 

FRONT  CANOPY  BOW  IS  TOO  LARGE—  RESTRICTS  FORWARD  VISIBILITY  MXH  WORSE 

THAN  ALREADY  IS. 

COULD  NOT  TELL  ANY  DIFFERENCE 

REDXED  VISIBILITY  DUE  TO  LARGER  CANOPY  BOW. 

LARGER  CANOPY  BOW  CAUSED  LARGER  BLIND  SPOT 

BACK  SEAT  VISIBILITY  WAS  SLIGHTLY  OBSTRUCTED. 

I  KEPT  SEEING  A  RAINBOW  ON  THE  SIDES  OF  THE  FORWARD  CANOPY. 

WORST  PART  IS  THE  UR6ER  CANOPY  BOW  WHICH  REDXE8  VISIBILITY 

STUDENT  LOSES  SIGHT  OF  LEAD  VERY  EASY  DURING  PITCHOUT  AND  REJOINS. 

CUTS  DOWN  ON  ALREADY  LIMITED  VISION  FROM  THE  BACK  SEAT 

STUDENT  SEEMED  TO  FLARE  A  LITTLE  HIGHER  THAN  NOR^ttl 

FORMATION  FLIGHT.  FROM  BACK  SCAT  LOOKING  OUT  THE  SIDE  OF  FRONT  CANOPY  THE  DISTORTION 

WAS  MXH  WORSE  THAN  THE  NORMAL  CANOPY.  ALMOST  A  RIPPLE  EFFECT  DISTORTION. 

ON  PITCHOUTS  WE  LOST  SIGHT  OF  THE  LEAD  TWICE  BECAUSE  OF  THE  CANOPY  TINT. 

IT  TENDS  TO  BLEND  THE  HORIZON  INTO  ONE  BIG  COLOR  BLOB  HIDING  DISTINCT  FEATURES 

AT  THE  FURTHER  DISTANCES.  COULD  SEE  LEAD  EASIER  OUT  REAR  CXKPIT  CANOPY 

EASIER  FOR  THE  SAME  DISTANCE 

THE  CANOPY  IS  MXH  WORSE  FOR  DISTORTION  AND  MULTIPLE  IMAGES.  ESPECIALLY 

WHEN  YOU  LOOK  OUT  THE  SIDES  OF  THE  CANOPY.  THE  THICKER  CANOPY  BOW  CUTS  DOWN 

ON  THE  FRONT  SEAT  VISIBILITY. 

LOOKING  FROM  THE  FRONT  CXKPIT  DIRECTLY  OVER  THE  NOSE  THE  WINDXREEN  HAD  A  PRISM 

EFFECT  CAUSING  RAINBOW  LIKE  IMAGES.  THIS  DISTORTION  MADE  LEAD  DIFFICULT  TO 

SEE  DURING  STRAIGHT  AHEAD  REJOINS. 
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COMMENTS 

CHANGES  SOME  REFERENCES  FOR  PILOT  -  SEAT  ADJUSTMENT  IN  FCP. 

SHOWS  MULTIPLE  IFMGES  FROM  REAR  COCKPIT  WHEN  CIMNGE  PITCH 

THERE  IS  SLIGHT  DISCOLORATION  THROUGH  THE  WINDSCREEN  AND  THE  CANOPY  BOW  IS  TOO  BIG 

LARGE  CANOPY  BOW  WILL  AFFECT  CLEARING 

DISTORTED  VIEW  IN  THE  1 2  OtLOCK  PORTION  OF  THE  WINDSCREEN  (FRONT  OF  W/S  ONLY) 

LARGER  CANOPY  BOW  RESTRICTS  VISIBILITY  FROM  REAR  CttKPIT 

DARKER  TINTING  httDE  FORWARD  VISION  WORSE. 

SCWTCHED??? 

MORE  GURE  AND  REFLEC1  ON  LOOKING  INTO  THE  SUN 

COLOR  PAHERNS  ARE  VIS.BLE  NEAR  THE  FRINGES.  ESPECIALLY  NEAR  THE  NOSE 

REAR  COCKPIT  VISIBILITY  WORSE  DUE  TO  THICKER  CANOPY  BOW 

BADIIIII 

LARGE  CANOPY  BOW  HARO  TO  SEE  AROUND 

VERY  POOR  VISIBILITY  IN  LIGHT  TO  MODERATE  RAIN  SHOWER 

LITTLE  BIT  OF  DISTORTION  IN  LOWER  WINDSCREEN 

FROM  FRONT  COCKPIT  PILOT  SAW  RAINBOW  TYPE  REFLEaiON 

CANOPY  BOW  TOO  THICK 

COLOR  AND  DISTORTION  ALONG  CANOPY  EDGES 

GIVES  COLORED  HUES  IN  THE  SUN 

THERE  IS  A  VISIBLE  SPECTRUM  EYIDENT  AROUND  FRONT  EDGES  OF  WINDSCREEN 

DISCONNECTING  WHEN  FLYING  INTO  SUN. 

SOME  RAINBOW  EFFECT.  DISTORTION  AROUND  EDGES  OF  FRAME.  NOT  TOO  BAD  THOUGH 

A  LOT  OF  DISTORTION  RUNNING  HORIZOMLLY  ACROSS  THE  WINDSCREEN 

MINBOW IFMGE  WAS  A  DISTMCTION  AS  WELL 

DISTORTION  WHERE  WINDSHIELD  CONNECTS  TO  AIRCMFT 

CANOPY  BOW  APPEARS  TO  BE  LARGER 

DURING  THE  TWILIGHT  HOURS  THE  CANOPY  FMOE  IT  EVEN  DARKER  MAKING  DEPTH 

PERCEPTION  WORSE 

NO  REAL  PROBLEMS  WITH  IT 

MAKES  OTHER  AIRCRAFT  LOOK  CLOSER 

FYIKES  RUNWAY  LOOK  CLOSER  IN  LANDING  FURE 

DEFINITE  WAVINESS  LOOKING  THRU  BOTH  NEW  XREENS  SHORT  FINAL 

SOME  POLARIZATION  OF  LIGHT  ON  WINDSCREEN  WHEN  FLYING  THROUGH  XUD 

FMME  TOO  LARGE 

THE  CANOPY  HAS  AXUT  A  2*  BAND  OF  DISTORTION  AROUND  THE  FRONT  CXKPIT 

CANOPY  BOW  WHICH  mKES  IT  IMRDCR  TO  CLEAR  AND  SEE  DURING  LANDINGS 

TOO  MUCH  DISTORTION  AND  COLOR  CHANGES  WHEN  COMPAIRING  TO  A  NORMAL  CANOPY. 

ALX  WIDER  CANOPY  BOW  REDXES  VISIBILITY 

LESS  VISIBILITY  DUE  TO  MORE  FRAME  CONSTRUCTION 

BIGGER  FRAME  HAS  A  NEGATIVE  EFFECT  ON  CLEARING 

FORWARD  VISIBILITY  TERRIBLE  RAINBOW  EFFECT  FROM  SUN 

CANOPY  BOW  OBXURES  YISSION  A  LIHLE  MORE 

DEPTH  PERCEPTION  IN  FURE  BAD 

BIG  CANOPY  BOW  REDXES  FORWARD  VIS  FROM  BXK  SEAT 

R/C/P  PILOTS  VIEWPOINT 

F/C/P  MINIMAL  EFFECT 

RESTRICTED  AREA  OF  GLASS  DUE  TO  CANOPY  BOW  THICKNESS  PLUS  DISTORTION 

ARE  BIGGEST  DRAWBACKS 

NEITHER  PILOTCOULDTELL  A  DISTINCT  DIFFERENCE  IN  THE  WINDSHIELD  ON  THIS  XRTIE 

RCP  VISIBILITY  IS  NOT  OeCRAOCO  FOR  DAYTIME  OPEMTION 
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U^RCe  BOW  RgDUCES  VO  f  ROM  B8CK 


WORSE 
NO  GOOD 

PRISM  miMBOW  EFFECT  FCP  IN  BRICHrSUII _ 

BCP  DISTORnOllTD  THE  RIGHT  Of  FCP  PURE  SHIELD 
DISTORTION  EXTREMELY  BRD  flCP  A  PCPCMBPY  BOW  TOO  BIO 

VERY  DISTORTED  PICTURE  LOW  ON  THE  WINDSCREEN 
GET  RIP  OF  IT  WRBINMIY  SRfE _ 


RRINBOWir^GES  WHEN  WET  DISTORTS  THE  RUMdftW 


CAUSES  EYE  STRMN  PEHNITE  PiFTEREICE  BETWEEN  CMPPY6USS  BETWEEN  ERONT 

WINDSCREEN  AND  ACTUAL  CANOPY _ 

WINDSHIELD  IS  NOT  THE  PROBLEM.  THE  PROBLEM  IS  THE  THtOC  CANOPY  BOW 


WIDE  CANOPY  BOW 


RAINBOW  EFFECT  AROUND  EDGES  OTHERWISE  ND  PROBLEMS 


CAMDoy  BOW  TOO  IMG  MAG  COMPASS  AT  EVE  LEVEL 


REESE  TAIL  ^>3681 
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COMMENTS 


SLIGHTLY  HARDER  TO  CLEAR  WITH  THE  URGER  CANOPY  BAIL>BUT  TAT  IS  AN  AMPLE  TMOE>OFF 


KNOWING  I  WONT  BE  PULVERIZED  BY  BIROS-IF  YDUCANTRY  TO  IT  MAKE  SMALLER 


ONLY  STUDENTS  SECOND  FLIGHT  T-38  FLIGHT  -HD  DIFFERENCE 


ADDED  WIDTH  OF  FRONT  CANOPY  BOW  IMPAIRS  FORWARD  VISION 


CnULDNT  TELL  THE  DIFFERENCE 


OOESNT  GLARE  AS  MUCH-CANOPY  BOW  IS  BIGGER  8  TMERFDRE  RESTRICTS  THE  RCP  FORWARD  VIEW 


DISTORTION  SEEMED  TO  BE  ALONG  THE  LOWER  EDGE  OF  CANOPY  AND 


SEEMED  LIKE  THE  CANOPY  WAS  TINTED 


APPEARED  NORMAL  TO  ME.  NO  DIFFERENT 


SEEMED  TO  BE  DARKER  — KIND  OF  LIKE  SMOKED  GLASS 


FORWARD  VISION  IS  ONLY  SLIGHTLY  RESTRiaEO  DUE  TO  THE  SLIGHTLY  THICKER 


AND  SLIGHTLY  HIGHER  OUTSIDE  GLARE  SHIELD 


CANOPY  BOW  TO  BIG 


IP  CANNOT  SEE  AS  WELL  TO  UND  AND  WE  NEED  ALL  THE  ADVANTAGE  WE  CAN  GET 


NICE 


VISIBILITY  FROM  REAR  COCKPIT  VERY  GOOD 


DISTORTION  ON  BOTTOM  4TO  S  INCHES— OBSERVED  DOING OVER-THE-TOPS 


MULTIPLE  WATER  SPOTS  AND  DISTORTION  IN  THE  UPPER  MIDDLE  PORTION 


OF  THE  WINDSCREEN  AFFECTED  FORWARD  VISIBILITY  ADVERSERLY 


SIDES  AND  LOWER  MIDDLE  PORTION  OF  WINDSCREEN  CLEAR 


CANOPY  BOW  IS  SLIGHTLY  THICKER.  THE  MODIFICATION  REDXES  THE  AMOUNT  OF 


FORWARD  VISIBILITY  DUE  TO  ITS  THICKNESS,  _ 


CANOPY  BGK  IS  THICKER  REDUCING  YtSIBILITY. 


NOTICE  A  VERY  SLIGHT  DISTORTION-  •  01 D  NOT  DETMCT  FROM  THE  XREENS  OVERALL  PERFORmNCE. 


I  LIKE  IT  _ _ 


WINDSCREEN  CAUSED  A  DISPLACED  IMAGE  RELATIVE  TO  SIDE  CANOPY 


ILLUSION  NOTED  ONLY  FROM  BACKSEAT.  _  _ _ 


UR6ER  CANOPY  BOW  REDUCES  FORWARD  VISIBILITY  FROM  R/C/P  _ _ 


ENLARGED  CANOPY  RAILS  BLOCKS  VISIBILITY-CLEAN  CANOPY  HELPS  THE  VISIBILITY _ 


DISTORTIONS  MADE  LANDING  PHASE  A  LITTLE  MORE  DIFFICULT— OTHERWISE  OK _ 


LARGER  CANOPY  BOW  REDUCES  FORWARD  VISIBILITY  FROM  RCP _  _ 


BEEFED  UP  CANOPY  MIL  CUTS  DOWN  VIS  SLIGHTLY 


FRONT  SEAT  PILOTS  LIKE  THE  EXTRA  PROTECTION  AFFORDED  FROM  BIRDSTRIKES  _ 


I  D0N7  LIKE  WHERE  THEY  PUT  THE  mi  COMPASS 


NO  DIFFERENCE  NOTED  _ _ 


HUGE  FMME IMPARES  FORWARD  VISION  MUCH  MORE  DIFFICULT  TO  JUDGE  RUNWAY  FROM 


BACK  SEAT  DUE  TO  EXTREME  OPTICAL  DIFFERENCES  BETWEEN  CANOPY  AND  WINDXREEN _ 


HAZE  CAUSES  A  DISTORTED  VIEW  LARGER  CANOPY  BOW  ALSO  HUNTS  VISION _ 


WIDTH  OF  F/C/P  CANOPY  BOW  DECREASES  R/C/P  VISIBILITY _ _ 


MINBOW  TYPE  IMAGES  NOTED  FROM  FRONT  CANOPY  _ _ _ 


PROBLEMS  I  _ 


NEED  TO  FILL  OUT  PAPERWORK  AHYMOREI  _ _ 


DUE  TO  SENSE  OF  SECURITY.  DEATH  TO  THE  BIRO  POPULACE  _ _ 


CLEAN  CANOPY  HELPS  VIS  MORE  THAN  ANYTHING _ _ _ _ 


WINDSHIELD  PfiODXES  NO  VISUAL  ILLUSIONS.  THIS  IS  PARTLY  DUE  TO  THE  FACT  IT  IS  CLEAN 


HOWEVER  THICKER  MIL  RESTRICTED  VISIBILITY 


BOW  TENDS  TO  BLOCK  OUT  AND  INTERFERE  WITH  CLEAR! NS 


SEYERELY  LIMITED  VISIBILITY  FOR  REAR  COCKPIT  FROM  THE  WIDE  BAND _ 


ALSO  THERE  WAS  AN  INCREASED  AMOUNT  OF  REFLECTIONS _ 


WHISKEY  COMPASS  IS  TDD  LOW _ _ 


EXCELLENT  WINDSCREEN 


13 
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MINOR  pmwey^K 

CANOPY  BOW  OeaCURES  rOBWARO  YBIBIUTY  FROM  R/C/P  OUC  TP  URSER  CMOPi  tOU 

CANOPY  eow  oeacuRga  too  much  visiom  f  row  rear  seat _ 

NONEEDTDCONTINUCWRITEUPOEXPCIMMENrSHDUlPBgOYtR _ 

POOR  YI8IBILITY  DURING  APPROACHES  AND  UNPIHG  FROM  HCP  LOOKING  FORWARD 

I N  OTHER  WORDS  MOT  AS  MUCH  Wl  NOOW  TO  LOOK  THRU  DUE  TO  THICKER  BOVY _ 

JfTTIR _ 
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THICKNESS  Of  FROWT  CAMPY  BOW  AHD  R! 
CANOPY  BOW  18  TOO  WIDE _ 


THE  CANOPY  FRAME  IS  WIDE  AND  IT  REDUCES  VISION  AT  1 1  OtLOCK  AND  1  OtlOCK 

THE  MATERIAL  IS  GOOD  BUT  THE  NEW  CANOPY  BOW  IS  TOO  THICK  AND  RESTRICTS  REAR  SEAT 

OCCUPANTS  VISIBILITY  TOO  MUCH 

CANOPY  BOW  IS  THICKER.TAKES  AWHILE  TO  GET  USE  TO  BUT  NO  SIGNIFICANT  VISUAL  DETRACTION 

PRISM  REFLECTION  ON  SIDES 

THE  WINDSCREEN  WAS  DARKER  CAUSING  MORE  REFLECTIONS 

NOT  AS  CLEAR  AS  THE  NORMAL  WINDSCREEN 

NO  VISUAL  ILLUSIONS  NOTED  SOME  GLARE  WAS  NOTED.  CANOPY  BOW  IS  SLIGHTLY  LARGER 

NO  DIFFERENCE  NOTED 

NOT  MUCH  DIFFERENCE  FROM  THE  OLD  ONE  NOTICED-  A  LIHLE  CLEARER  THOUGH  AND 

NOT  AS  MUCH  DISTORTION  -  DONT  LIKE  THE  BIGGER  CANOPY  BOW 

WINDSHIELD  SEEMS  BEHER.  HOWEVER  THE  WIDER  CANOPY  BOW  RESTRICTS  FORWARD 

VISION  COMPARED  TO  OLD  CANOPY 

WINDSHIELD  DOCS  NOT  DEICE  VERY  WELL  ON  FIRST  FLIGHT 

NEEDS  CLEANING 

AGAINST  THE  SUN 

EXCELLENT  CANOPY 

RAIL  IS  FINE  BUT  BOW  IS  VERY  THICK 

LIMITS  THE  IMPROVED  VISIBILITY  THE  CANOPY  PROVIDES 

NO  PROBLEMS 

SLIGHT  DISTORTION  WORST  FROM  BACK  SEAT 

DISTORTION  IN  LANDING  FLARE  SIMILAR  TO  T- 37  CANOPY  WAVINESS  NOT  EXPERIENCED 

IN  ANY  UN  MODIFIED  T-38  WINDSCREEN.  JUST  ABOVE  ACM  INDICATOR. 

URGER  SIZE  Of  CANOPY  BOW  REDUCES  FORWARD  VISIBILITV 

VISIBILITY  REDUCED  DUE  TO  A  THICKER  CANOPY  MIL 

BETTER  VIEW  BECAUSE  ITS  A  NEW  WINDSCREEN 

DISCOLORED  AND  TINTED  APPEAMNCC  RAINBOW  EFFECT 

SFMLL  VISIBILITY  REDUCTION  FOR  THE  BACKSCATCR 

VERY  MRO  TO  KEEP  OTHER  AIRCMFT  IN  SIGHT  FROM  RCP  WHEN  THEY  MOVE  TO  FRONT 

OF  A/C  DUE  TO  REFLECTIONS  IN  STRONG  SUNLIGHT-  BUT  I'LL  TAKE  THE  PROTECTION 

DIFFICULT  TO  SEE  RUNWAY  WHEN  LANDING  FROM  BACK  SCAT.  1  DOITT  LIKE  IT. 

CANOPY  BOW  SEEMS  THICKER  —LESS  FIELD  OF  VIEW  1 0  TO  2 

IMS  A  GLARE  LIKE  A  MINBOW  AFFECT  YOU  LOOKING  FROM  CANOPY  THEN  OUT  FRONT 

IN  DARKER  OR  HAZY  SKIES  VISIBILITY  IS  HURT  BY  WINDSCREEN 

THERE  WAS  SMUDGE  MARKS  ALL  OVER  IT  BECAUSE  THE  CREW  CHIEF  COULDTT 

VISIBILITY  IS  GREATLY  REDUCED  DUE  TO  LARGE  CANOPY  BOW 

VIS  FROM  BACK  SEAT  ON  FIIML  IS  POOR  DUE  TO  CANOPY  BOW 

BIGGER  CANOPY  BOW  OISTMCTING  BOTH  COCKPITS 

ON  THE  RIGHT  SIDE  OF  THE  WINDSHIELD  ABOUT  THE  CENTER  ON  A  REJOIN  THE  OTHER 

AIRCRAFT  BECAME  VERY  FUZZY.  ON  LANDING  THE  DISTORTION  LOOKING  OVER  THE  FRONT 

AND  USING  NORMAL  LANDING  PICTURE  CAUSED  A  HIGH  FLARE 

IN  THE  FRONT  SEAT  DECREASES  THE  CLEARING  CAPABILITY  OF  THE  PILOT 

IT  SHOWS  'POLAROID*  COLORS  IN  SUN 

NO  CHANGE  WITH  NEW  PAINT 


WIttT'STHE  DIFFERENCE? 


SLIGHTLY  REDUCED  FORWARD  VISIBILITY  DUE  TO  THICKNESS  OF  CANOPY 


FORWARD  VISIBILITY  LIMITED  DUE  TO  LARGER  CANOPY 
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IT  OBSTRUCTS  SOME  VISIBILITY  FROM  ttP 


SLIGHT  BfSTRICTIOII  TO  FOBWARD  VISI WLITY  FBQM  QCP 


HD  DIFFERENCE 


STRONG  OISTDRTIOM  FRONT 


I  ^WWrE  HELMET  Of  FRONT  WLOr 


FORWARD  YISIBILITy  FROM  RCP  SOME  WHRT  RESTRICTED 
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coMMcrcrs 


A  LITTLE  DISTORTION  IN  FRONT  CANOPY  TOWARDS  THE  BOTTOM  OF  THE  WINDSCREEN 


DISTORTS  MOST  IMPORTANT  PART  -  LANDING 


THE  ONLY  COMMENT  IS  THAT  THE  CANOPY  BOW  ITSELF  SEEMS  TO  BE  THICKER.  THUS  DISTRACTS 


SLIGHTLY  FROM  FORWARD  YISIBILITY.  IT  ALSO  IMPAIRTS  AN  IRRADESCENT  HUE. 


SLIGHTLY  DARKER  THAN  NORMAL  CANOPY _ 


EASIER  TO  SEE  THROUGH  WITH  LESS  SCRATCHES  >  -IF  IT  KEEPS  LESS  SCRATCHES  -GREAT 


REOXES  GLARE  SLIGHTLY _ 


WILL  TAKE  A  LIHLE  TO  GET  USE  TO  ON  FINAL 


MXH  BEHER  ON  SECOND  FLIGHT  AFTER  GETTING  EYES  ADJUSTED  TO  DEPTH  PERCEPTION 


DISTORTION  OURI NG  REJOl  NS  AND  I N  FLARE-THE  Ml  DOLE  OF  THE  Wl  NDSCREEN  IS  BEHER  THAN  AVG 


BUT  AS  YOU  LOOK  TOWARD  THE  EDGES.  PARTICULARLY  THE  BOHOM  DISTORTION  INCREASES 


I  COUNDNT  DETECT  ANY  SIGNIFICANT  DIFFERENCE 


FROM  REAR  COCKPIT.  WITH  THE  SUN  IN  OUR  1 1  OtLOCK  P0SITI0NJ)ISTIN6UISHING  LIGHT  COLORS 


ON  THE  RUNWAY(l4.  tST  1000*)  WASYERY  DIFFICULT 


VISIBILITY  WAS  EXCEPTIONAL  TODAY  SO  HARD  TO  TELL  ANY  DIFFERENCE  WHEN  THE  STUDENT  CAN 


SEE  FOR  A  CHANGE 


CAN  SEE  SLIGHT  RAINBOW  OF  COLOR  ACROSS  FRONT  WINDSCREEN 


HIGH/  LO  FORMATION 


BACK  SEAT  IS  AFFEaED  MORE  THAN  THE  FRONT 


FROM  BACK  SEAT.  HAZE  HAS  WORSE  EFFECT  WITH  TINTED  GLASS— NEAR  VISION  LIMITED 


SLIGHT  PARALAX  FROM  THE  REAR  COCKPIT  (NOT  SIGNIFICANT 


RESTRICTED  YISI Bl LITY I N  REAR  COCKPIT  DUE  TO  BIGGER  FRAME  _ 


COULD  NOT  TELL  ANY  01 FFERENCE  _ 


URGE  FRAME  LIMITED  FORWARD  YISIBILITY  FRONT  CXKPIT  AND  BACK  COCKPIT _ _ 


COULD  IMPROVE  WINDSHIELD  IF  TINT- IS  REMOVED  _ 


SLIGHT  PARAL/C(  FROM  REAR  SEAT-  HO  FACTOR  _ _ 


DISTORTS  LANDING  PHASE- HEED  TO  HAVE  WHOLE  FRONT  CANOPY  F^DE  OF  SAME  GLASS _ 


THE  WINDSHIELD  SEEMS  TO  MAGNIFY  THE  IMAGES  SEEN  THRU  IT-IN  FURE  BOTH  PILOTS  HAD  A 


TENDENCY  TO  FLARE  HIGH  DUE  TO  THE  GROUND  APPEARING  CLOSER  THAN  IT  NORMALLY  WAS 


CANOPY  APPEARS  TO  HAVE  A  ’RAINBOW"  EFFECT  IN  CERTAIN  SPOTS— UPPER  RIGHT  CORNER 


IN  BLAST  SHIELD  AND  HEAR  CANOPY  BOW  IN  FRONT  CXKPIT _ _ 


NO  CLOUDS  ENCOUNTERED- WINDXREEN  PERFORMED  IN  AN  OUTSTANDING  WNNER 


NO  WIND  FELT  BY  AIXREW  MEMBERS  _ _ 


VERY  DIFFICULT  TO  SEE  THROXH  WITH  DARK  BACKROUND- RAISING  DARK  YISOR  HELPS _ 


WINDSCREEN  INCY  AND  VERY  DIRTY-  REFLECTIONS  AND  GLARE  NOT  NOTICED _ 


STUDENT  SAYS  COLOR  APPEARS  BLUER  THAN  OTHERS  _ 


THERE  IS  A  HICK  IN  THE  COATING  INSIDE  THE  WINDXREEN  4  INCH  UP  FROM  RAIL _ 


GIVES  EFFECT  OF  BEING  CLOSER  THAN  YOU  ACTUALLY  ARE  TO  THE  GROUND- RESULTS  IN  HIGH  FLARES 


CANT  LAND  WITH  IT  _ 


DISTORTION  AND  GLARE  LANDING  INTO  A  LATE  EVENING  SUN  IS  TERRIBLE _ _ 


MY  ONLY  PROBLEM  WITH  THE  HEW  WINDXREEN  IS  IT  CAUSES  XME  PEXEPTION  PROBLEMS 


AT  FI  RST .  BUT  AFTER  A  FEW  OVERHEADS  AND  LANDINGS.  I  WAS  ABLE  TO  CORRECT  FOR  IT.  _ 


IF  IT  PROVIDES  BEHER  BIRD  STRIKE  PROTECTION  PM  IN  FAVOR  OF  IT.  GAUSEX7125 _ _ 


IT  COSTS  A  LOT  OF  YIS  FROM  THE  BACK  SEAT.  FROM  THE  FRONT  SEAT  THE  LARGER 


CANOPY  BOW  IS  ON  THE  HORIZON  (VERY  BAD  FOR  STUD 


ALSO  A  LOT  OF  DISTORTION  FROM  BOTH  SEATS.  _ 


XRTIE  FLOWN  DAYTIME  SO  DISTORTION  WOULD  HOT  BE  NOTICED  AS  MXH _ _ 


WORSE  THAN  NORMAL  CANOPY 
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COMMEMTS 

OVERALL  VISION  FROM  BACK  SEAT  WAS  HINDERED  BY  WIDER  CANOPY  BOW 

SOME  DISTORTION  WAS  NOTICED  ON  FINAL  FROM  BACK  SEAT 

FRONT  CANOPY  BOW  WAS  THICKER  THAN  NORMAL-  THIS  REDXED  SOME  VISION 

CANOPY  BOW  IS  THICKER  -  TRY  TO  MAKE  THINNER 

CANOPY  BOW  TOO  BIG 

IN  FORMATION  JET  IN  LOWER  PART  OF  WINDSCREEN  WAS  BLURRED 

FRONT  CANOPY  BOW  IS  THICKER  MAKI H6  VIEW  A  LIHLE  MORE  OBSCURYED 

OVERALL  SHIELD  GIVES  A  BEHER  TINTED  IMAGE.  VERY  EASY  TO  SEE  OUT  OF 

NO  DIFFERENCE  NOTED 

CANOPY  BOW  IS  SLIGHTLY  LARGER  THUS  RESTRiaiNG  VISION  MORE 

NO  VISUAL  PROBLEMS  NOTED- WE  LIKED  THE  NEW  CANOPY  miNLY  BECAUSE 

IT  WAS  CLEAN  AND  LESS  SCRATCHED 

DEPTH  PERCEPTION  CAUSES  RUNWAY  TO  APPEAR  CLOSER  THAN  NORMAL 

DEPTH  PERCEPTION  IS  WORSE 

MOUNTING  HARDWARE  ABOVE  FCP  GLARE  SHIELD  REDUCES  VISION  FROM  RCP 

BETTER  SUNSCREEN-  TINT  GOOD  IDEA 

THICKNESS  OF  CANOPY  BOW  LIMITS  VISION  FOR  IP  SIGNIFICANTLY 

CUTS  A  LIHLE  BIT  OF  FORWARD  VISIBILITY 

SOME  DISTORTION  NOTED  IN  CANOPY  BOW  AREA 

W/  MOISTURE  ON  THE  WINDSCREEN.  GLARE  WAS  A  PROBLEMLAQUALLY  PRETTY  SEVERE) 

CANOPY  BOW  AT  TOP  OF  FORWARD  WINDSCREEN  APPEARS  WIDER  &  RESTRiaS  BACK  SCAT  VISION 

STUDENT  DISLIKED  WIDER  CANOPY  F/C/P  INSTRUMENTS  TEND  TO  REFLECT  AND 

DISTRACT  FROM  IPS  VIEW— MAY  BE  A  PROBLEM  AT  NIGHT 

F/C/P  OCCUPANT  SAYS  CANOPY  BOW  IS  NOTICEABLY  LARGER 

CANOPY  BOW  SEEMS  THICKER 

DISTORTION  MAINLY  AT  SIDES  OF  CANOPY  JUST  ABOVE  WHERE  WINDSCREEN  MEETS  NOSE 

WINDSCREEN  SEEMS  TO  FWiNIFY.  NOT  AS  CLEAR 

BOnOM  RIGHT  HAND  SIDE  ALONG  RAIL.  GIVES  A  RAINBOW  EFFECT  DURING  FLIGHT 

RCP  THICK  CANOPY  BOW  BLXKS  VISION 

DECREASED  VISION  FROM  BOTH  CXKPITS  BECAUSE  OF  UR6ER  CANOPY  BOX 

REAR  SEATER  -  WORSE  VISION  DUE  TO  BOX  ON  WINDSHIELD  BOW 

VISIBILITY  FROM  THE  BACK  SEAT  OVERALL  LESS  BECAUSE  THE  CANOPY  SEEMS  NARROWER 

CANOPY  BOW  TOO  BULKY.  REDXES  VISIBILITY 

THE  FCP  BOW  RESTRiaS  THE  RCP  OCCUPANTS  FORWARD  VISIBILITY  DURING  APPROACH  AND 

UNDING  PHASE.  THIS  IS  ESPECIALLY  EVIDENT  DURING  NO  FUP  APPROACHES. 

THERE  IS  BEHER  VISIBILITY  THROUGH  THE  FCP  CANOPY 

WORSE  BECAUSE  CANOPY  BOW  IS  BIGGER 

IT’S  NICE  BECAUSE  IT  IS  CLEANER  (LESS  SCRATCHED)  THAN  THE  RE6UUR  CANOPIES 

THE  CANOPY  BOW  IS  TO  THICK  AND  MAKES  IT  HARDER  TO  SEE  RUNWAY  FROM  THE  REAR  SEAT 

NO  YISI  Bl  LITY  CHANGE-  -A  LITTLE  DARKER  1 N  COLOR 

DECREASED  REAR  SEAT  VISIBILITY  ON  NO  FUP  UNDINGS 

NO  REAL  PROBLEM  WITH  WINDSCREEN 

NOTICED  NO  DIFFERENCE  BETWEEN  THIS  WINDSCREEN  AND  STANDARD  WINDSCREEN 

NO  SCRATCHES 

GLASS  SEEMS  TINTED 

VERYGUREY-  HARD  TOO  SEE 

BACKSEAT  VISION  REAR  CXKPIT  -  WORSE 

LIP  ON  GURE  SHIELD  REDUCES  RUR  COCKPIT  VISION 

DISTORTION  DURING  NO  FUP  UNDINGS  IS  NOTEWORTHY 

SAME  AS  OTHER  -  NO  DIFFERENCE 

MOTED  GLARE-  DOUBLE  IMAGES  ESPECIALLY  WITH  DIRECT  SUNSHINE 


LAUGHLIN  TAIL  *13251 


CANOPY  BOW  TOO  THICK  _  _ 


NICE  AND  CLEAR  _  _ 


STUDENT  SAID  LIP  RESTRiaED  VISIBILITY  SOMEWHAT _ 


APPEARS  TO  HAVE  SLIGHTLY  YELLOWISH  TINT  AND  DISTORTION  IN  THE  CORNERS 


NEITHER  OF  US  COULD  TELL  ANY  DIFFERENCE 


RTION  IN  LOWER  CORNER  AREA  OF  FRONT  WINDSCREEN  MUCH  WORSE  THAN  NORMAL 


CLEARER  BEHER  VIEWING  NO  SCRATCHES 


THICKER  FCP  CANOPY  BOW  RESTRICTS  VISION  MORE  TWN  EX8I8TINB  CANOPY. _ 


CANOPY  BOW  IS  SO  LARGE  IT  CUTS  FIELD  OF  VISION  DURING  FORMATION  FLIGHT. 


DISTORTION  AROUND  EDGES 


BOTH  CP'S  COMPLAINED  OF  WIDER  CANOPY  BOW  DISTRACTION  IN  THE  LANDING  PHASE. 


MUCH  LESS  VISIBILITY  DUE  TO  LARGER  CANOPY 


CANOPY  BOW  SEEMS  LARGER  BLOCKS  A  LIHLE  R/C/P  VISION  _ 


CANOPY  BOW  TOO  LARGE  _  _ 


COULD  HOT  SEE  OUT  CANOPY  BOW  IS  TOO  LARGE _ 


REAR  COCKPIT  YISI  Bl  LITY  MUCH  WORSE  DUE  TO  THE  PARALAX  EFFEa  FROM  _ 


GLARE  SHI  ELD  TO  Wl  NDSCREEN  _ 


REDUCES  VISIBILITY  FROM  BACK  SEAT  SLIGHTLY. 


I  LIKE  THE  TINT.  HOWEVER  THE  LARGER  CANOPY  BOW  OBSCURES  FORWARD  VISION _ 


ESPECIALLY  FROM  THE  REAR  CXKPIT. _ 


FRONT  COCKPIT  MOUNTING  HARDWARE  IS  BULKY  AND  REDXES  VIS  FROM  REAR  COCKPIT 


TOUGH  TO  SEE  WITH  THICKER  GLASS.  MORE  DISTORTION  ESPECIALLY  FOR  THE  I.P. _ 


IN  THE  BACK  WHO  LOOKS  DOWN  THE  SIDE  BY  THE  STUDENT  PILOTS  Hm _ 


FROM  BACKSEAT  DISTORTION  IS  SLIGHTLY  WORSE  AND  CLARITY  SLIGHTLY  IMPAIRED 


CANT  SEE  OUT  OF  REAR  CXKPIT  DUE  TO  CANOPY 


CANOPY  BOW  MXH  URGER  DECREASING  R/C/P  VISIBILITY 


Al  RCRAFT  YISI  Bl  LITY  IS  RELATIVELY  BEHER  _ _ 


SEEMS  TO  HAVE  A  SIGNIFICALLY  LARGER  CANOPY  BOW  -RESTRiaiNG  VISION  IN  FORMATION 


CANOPY  BOW  TX  BIG  AT  HIGHER  PITCH  AHITUDES.  LOWER  PART  OF  CANOPY  CAUSED 


DOUBLE  I  MACES  AND  GREATER  DISTORTION.  _ 


CANOPY  BOW  TX  BIG  _ 


CANOPY  BOW  IS  TX  THICK  LIMITS  PILOTS  VISIBILITY  DIREaLY  IN  FRONT  OF  HIS  FACE 


I  LIKE  THE  TINT.  HOWEYER  THE  CANOPY  BOW  DECREASES  FORWARD  VISIBILITY 


FXMTHE  REAR  CXKPIT. 


LARGE  OF  CANOPY 


NOTHING  NEGATIVE  TO  NOTE. 


THE  DISTORTION  CAXES  THE  AIttHAFT  YOU  ARE  REJOINING  ON  TO  HAVE  TVYO  RELATIVE 


SIZES  AT  THE  SAME  TIME.  I.E.  REJOINS  ARE  EXTREMELY  TOXH.  IT  ALSO  CAUSES  PROBLEMS 


FOR  LANDING—  I'D  LOVE  TO  TELL  YOU  AXUT  IT  IN  PERSON .  MAJ  P.  ROONEY  X5383 


DOWNWARD  ANGLE—  LXK5  CLOSER  THAN  NORMAL  (AaUALLY  HIGHER  THAN  AIXRAFT  IS 


LARGE  FRONT  CANOPY  BOW  WHEN  LX  FROM  BACK  SEAT 


BOTTOM  PART  OF  WINDXREEN  HAS  DISTORTION  AND  REFLECTION  (IP  IN  FRONT  SEAT) 


DURING  PERIOX  CLOSE  TO  SUNSET  VISIBILITY  WAS  REDXED  DUE  TO  REFLECTION. 


VFR  XNDITIONS  THROXHOUT  XRTIE 


FXNT  SEAT  FINE-—  BACK  SEAT  WORSE 


CANOPY  BOW  WAS  LARGER  THAN  NORMAL  BLXKIX  THE  VIEW 


FXM  BACKSEAT  DISTORTION  AROUND  EXES  FRONTSEAT  NORMAL 


DISTORTION  MAINLY  APPERANT  LOW  TO  THE  GROUND  DURIX  LANDIW  PHASE 


EXTRA  THICK  CAWPY  BOW  RESTRiaS  FORWARD  VISIBILITY  FROM  REAR  CXKPIT  AND 


HAMPERS  LANDINGS 


DISTORTION  NOTED  OURIX  TURNIX  REJOIX  (  FRONT  CXKPIT 


ALX  NOTED  SLIGHT  DIFFICULTY  IN  DEPTH  PEXEPTION  IN  LANDIX  PIMSE 
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CAUSED  hHRE  DISTORTION  AROUND  CANOPY 


CANOPY  BOW  ITSELF  IS  LARGER  AND  OBSTRUCTS  VIEW 


LARGER  CANOPY  BOW  OBSTRUCTS  VISIBILITY  _ 


CANOPY  BOW  RESTRICTS  VISION  _ 


SLIGHTLY  DISTORTS  VIEW  FROM  RCP 


VISIBILITY  DECREASES  WITH  BAR  ON  CANOPY 


CAUSES  PRISM  IMAGES  AROUND  CURVATURES  MUCH  WORSE  THAN  OTHER  WINDSCREEN 


CANOPY  BOW  IS  TOO  THICK 


NICE 


LESS  VISIBILITY  FROM  WIDER  CANOPY  RAIL  ALL  AROUND 


MUCH  HARDER  TO  CLEAR  FROM  REAR  C/P  WITH  WIDER  CANOPY 


A  LOT  OF  DISTORTION  AROUND  THE  BASE 


FROM  THE  BACK  COCKPIT  THE  IMAGE  I  RECEIVED  THROUGH  THE  FRONT  WINDSCREEN  WAS  A 


MAGNIFICATION  OF  WHAT  I  WAS  SEEING  THROUGH  THE  CANOPY  AROUND  IT. 


THE  RESULT  WHILE  TRYING  TO  LAND  WAS  TWO  COMPLETELY  DIFFERENT  PiaURES  OF  MV 


HEIGHT  TOUCHDOWN.  APPARENTLY  THE  WINDSCREEN  IMAGE  WAS  INCORREH  SINCE  I  FLARED 


HIGH  WHILE  REFERENCING  THE  imGE  IT  WAS  TRANSMIHING 


REFRAaiON  IS  INACCEPTABLE 


COMBINED  EFFECT  OF  BOTH  WINDSHIELDS  URGER  CANOPY  BOWS  SIGNIFICANTLY _ 


REDUCES  VISIBILITY  FROM  RCP 


THE  SHIELD  MAGNIFIES  THE  GROUND  MAKING  YOU  FEEL  HIGHER  THAN  YOU  ARE  CAUSING 


HIGH  FINALS  HIGH  FLARES.  AIRCRAFT  SEEM  CLOSER  THEN  THEY  ARE _ 


REAR  SEAT  VISIBILITY  OBSTRUCTED  BY  EXTRA  THICK  CANOPY  BOW 


REDUCED  VISI  Bl  LITY  _ 


WIDER  CANOPY  BOW  LESSENS  ALREADY  LIMITED  VISIBILITY  FROM  THE  BACK  COCKPIT 


DISTORTION  APPEARS  IN  LOWER  CORNERS  OF  FRONT  WINDSCREEN  AS  VIEWED  FROM  THE  _ 


REAR  CKKPIT.  DISTORTION  PUTS  CURVES  (BENDS)  IN  STRAIGHT  LINK _ 


CANOPY  MADE  RUNWAY  APPEAR  APPROX  S>7FT  CLOSER  DURING  FLARE  PORTION  OF  LANDING 


THIS  IS  A  COMPARISON  TO  OTHER  T-  38  CANOPIES  AND  SIMiUR  UNDINGS 


MOUNTING  HARDWARE  BETWEEN  FCP  A  RCP  IS  TOO  BULKY _ 


REDUCES  RCP  VIS  DURING  UNDINGS.  ALSO  FCP  BOW  RIGGING  REDUCES  VIS _ 


RIGGING  &  HARDWARE  ON  FCP  BOW  AND  RCP  SHIELD  REDUCES  RCP  VIS  IN  UNDINGS 


ALMOST  I MPOSSI BLE  TO  SEE  FROM  R/C/P  _ 


CANOPY  BOW  OBSTRUCTS  VIS  ALMOST  COMPLETELY  TINT  ALSO  IMPARES  VISIBILITY 


VISIBILITY  FROM  RUR  COCKPIT  SEVERELY  LIMITED  WITH  ENURGED  CANOPY 


RCP  EXTRA  THICK  CANOPY  BOW  RESTRICTS  PI  LOTS  VISION  _ 


FCP  LOW  EDGE  OF  CANOPY  MAGNIFIES  GROUND  DISTORTS  GROUND  AND  IS  HAZY 


CANOPY  BOW  IS  TOO  THICK  ESPECIALLY  IN  FORMATION  _ 


GOOD  CLEAN  VISION  _ _ 


ENURGED  CANOPY  FRAME  RESTRICTS  VIEW  _ 


DIFFICULT  TO  UND  FROM  REAR  SEAT  DUE  TO  URGE  CANOPY  BOW _ 


HAS  SOME  REFLECTION  AND  DISTORTION  _ 


DISTORTION  IS  A  FACTOR  F/C/P  _ 


IN  ADDITION  URGE  SIZE  CANOPY  BOW  REDUCES  VISIBILITY _ _ 


FRONT  GURESHI  ELD  SLIGHTLY  DISTORTS  THE  VI EW  FROM  REAR  COCKPIT  _ 


MORE  THAN  NORMAL)  BUT  OOESNT  TAKE  MUCH  GEHING  USED  TO.  _ 


REDUCED  FORWARD  VISIBILITY  FOR  RUR  SUTER  _ 


CANOPY  BOW  MUCH  THICKER  LESS  ARCH  TO  SEE  OUT  OF  FROM  THE  RUR  COCKPIT _ 


CANOPY  BOW  IS  TOO  BIG  _ 


TOO  BIG  _ 


CRUT  _ 


BEHER 


LAUCHUNTAiL«132S1 


BEAUTIFUL _ 

CANOPY  BOW  18  TOO  lAflGE _ 

lABGE  CANOPY  BOW  GREATLY  RESTRICTS  B/C/P  VIS _ 

ENLARGED  CANOPY  BOW  GREATLY  DECREASES  R/C/P  FORWARD  VISIBILITY 

BOW  IS  TOO  BIG _ 

GREAT _ 

BOW  IS  TOO  LARGE _ 


235 


APPENDIX  F 


TEST  PLAN  -  BIRD  IMPACT 
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1.0  SCOPE 


This  test  plan  outlines  procedures  required  to  determine  the  effects  of 
bird  Impacts  on  the  T-58  student  windshield  system  and  Instructor 
windshield  system  supplied  by  PPG  Industries  under  contract 
F33613-81-C-3403  for  prototype  and  fll^t  quality  phases  of  the  program 
(Reference  4.3.2,  4.3.5,  and  4.4.5  -  SOW). 


2.0  REQUIREfCNTS 

The  requirement  of  this  test  plan  is  to  verify  that  the  collision  of  a  4 
pound  bird  on  the  student  windshield  system  and  the  instructor  windshield 
system  will  not  cause  catastropic  damage  to  the  T-38  aircraft,  when 
impacted  at  the  required  levels  of  protection  and  that  the  windshields 
pass  all  the  requirements  of  the  acceptance  limits.  (Reference  Paragraph 
12.0  Acceptance  Limits). 
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3.0  PRE-PROTOTYPE  TEST  HISTORY 


During  the  course  of  the  pre-prototype  design  development,  PPG  Industries  has 
conducted  testing  as  necessary  to  determine  and  confirm  the  bird  impact 
resistance  capability  of  transparency  design  configurations  and  frame  aft 
arch  reinforcement  techniques.  This  testing  included  static  structual 
testing  and  dynamic  impact  testing  of  components  or  assemblies  which  were 
conducted  by  PPG  at  PPG  supplied  or  subcontracted  facilities.  During  the 
pre-prototype  effort,  PPG  has  fabricated  and  bird  impact  tested  various 
transparency  cross-sections  and  aft  arctfi  reinforcement  techniques  in  an 
effort  to  determine  the  most  viable  approach.  Following  are  the  major  pre¬ 
prototype  test  activities j 

3.1  Analysis  Of  Bolt  Hole  Size  And  Spacing 

These  strain  gauged  beam  samples  with  various  bolt  hole  sizes  and  spa- 
cings  were  loaded  in  bending  to  determine  the  effects  of  hole  sizes, 
spacing  and  bolt  torque. 

3.2  Cast  610  Nickel -Chromium  Alloy  Material  Properties 

These  test  determined  the  material  properties  of  the  first  aft  arch 
reinforcement  design  for  conversion  of  strain  data  and  for  input  into 
the  “magma"  analysis.  The  values  provided  by  the  manufacturer  were 
.  ±25X,  and  thus  actual  values  had  to  be  generated. 

3.3  Bird  Impact  Testing  -  October,  1982 

Two  (2)  monolithic  polycarbonate  panels  of  the  same  thickness  CO. 600 
inch)  as  the  polycarbonate  in  the  liner  faced  design  were  fabricated, 
fitted  and  mounted  to  windshield  frames  for  bird  impact  testing  at  the 
National  Research  Council  (MRC),  Ottawa,  Canada  in  October,  1982.  Seven 
(7)  impacts  were  made  during  the  week  long  effort.  The  purpose  of  these 
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3.3  Bird  Impact  Testing  -  October.  1982  (Continued) 

tests  was  to  evaluate  the  cast  610  nickel-chromium  alloy  aft  ardi  rein¬ 
forcement,  the  method  of  edge  attachment,  and  to  collect  data  for 
"MAGNA**  comparison.  The  first  monolithic  transparency  with  the  cast  610 
nickel  chromium  alloy  aft  arch  reinforcement  was  impacted  at  209  knots 
and  resulted  in  an  unexpected  catastrophic  failure.  The  second  unit  was 
then  impacted  in  the  same  aft  arch  location  at  200  and  253  knots  with  no 
damage  to  the  transparency  but  permanent  deformation  to  the  cast  610 
nickel-chromium  alloy  aft  ardi  reinforcement.  Four  additional  sill 
Impacts  were  taken,  two  on  the  right  sill  at  249  and  395  knots,  and  two 
on  the  left  sill  at  299  and  406  knots.  The  transparency  had  no  damage, 
but  both  the  frame  and  the  cast  610  nickel-chromium  alloy  aft  arch  rein¬ 
forcement  was  severely  damaged. 

3.4  High  Speed  Unnotched  Izod  Testing 

Testing,  to  determine  if  there  was  a  difference  in  the  Impact  resistant 
properties  of  the  polycarbonate  in  the  first  two  windshields,  which  were 
bird  impact  tested.  This  test  was  necessary  due  to  the  apparent  dif¬ 
ference  of  the  impact  resistance  of  the  two  panels  at  low  speeds. 

3.5  Bonding  Tests  of  Strain  Gauge  Bond  Strength 

Tests  to  determine  if  strain  gauges  would  bond  to  the  inboard  coating 
and  if  the  gauge  results  compared  to  gauges  bonded  directly  to  uncoated 
polycarbonate. 

3.6  Air  Cannon  Impact  Tests 

Tests  to  determine  if  strain  gauges  bonded  to  the  inboard  coating  will 

provide  the  same  results  as  gauges  bonded  to  the  polycarbonate  under 

impact  conditions.  The  test  was  also  used  to  see  if  a  gauge  bonded 

directly  beneath  the  impact  point  causes  brittle  failure. 
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3.6  Air  Cannon  Impact  Tests  (Continued) 

As  a  result  of  the  performance  and  damage  assessment  from  this 
series  of  testing,  It  was  determined  that  a  different  aft  arch  rein¬ 
forcement  system  was  required.  A  two  prong  approach  was  taken;  PPG 
,  designed  a  machined  aft  arch  reinforcement  of  high  strength  unlterap 
718  and  subcontracted  The  University  of  Dayton  to  design  and  fabri¬ 
cate  two  (2)  KevlarCS^epoxy  composite  aft  arch  reinforcements. 

3.7  Composite  Material  Properties 

These  tests  were  necessary  to  establish  material  properties  and  for  the 
conversion  of  strain  gauge  values  to  stress  values  and  for  use  In 
“MAGNA". 

3.8  Machined  Part  Material  Properties 

These  tests  were  necessary  to  establish  material  properties  and  for  the 
conversion  of  strain  gauge  values  to  stress  values  and  for  use  in 
"MAGNA". 

3.9  Bird  Impact  Testing  -  May.  1983 

In  the  second  bird  Impact  test  series,  two  (2)  windshields  (0.£00-lnch 
thick  monolithic  polycarbonate)  mounted  Into  frames,  strain  gauged,  and 
having  Kevlar(^epoxy  composite  aft  arch  reinforcements,  were  tested  in 
May,  1983.  The  first  monolithic  windshield  system  was  bird  impacted  at 
a  speed  of  208  knots  at  the  aft  arch  centerline  location.  Catastrophic 
failure  of  the  monolithic  windshield  occurred.  The  second  monolithic 
windshield  system  was  impacted  in  a  step-wise  fashion.  This  monolithic 
windshield  passed  at  208  and  250  knots;  then  failed  at  306  knots. 

Again,  catastrophic  failure  occurred. 
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3.10  Air  Cannon  Impact  Tests 


Due  to  the  failures  In  the  May,  1983  bird  Impact  testing,  the  air  camon 
Impact  tests  were  performed  again.  These  tests  Indicated  that  the  adhe¬ 
sive  used  to  bond  the  strain  gauges  to  the  polycarbonate  may  have  caused 
stress  risers  and  as  a  result,  caused  failure  of  the  unit. 

3.11  Bird  Impact  Testing  -  September,  1983 

In  the  third  bird  Impact  test  series,  three  (3)  windshields  were  fabri¬ 
cated,  mounted  In  frames,  strain  gauged  on  the  frame  only  and  prepared 
for  bird  Impact  testing.  Two  of  these  windshields  were  0.600-lnch  thick 
monolithic  polycarbonate  and  one  was  a  0.375/0.187  PPG  112(&)polycar- 
bonate  laminate.  The  first  monolithic  windshield  with  4  4130  chrome- 
moly  1.500-lnch  x  1.500  Inch  by  .125  Inch  thick  angles  for  aft  arch 
reinforcement  had  catastrophic  failure  at  379  knots.  Due  to  this 
failure  and  the  failure  of  all  previous  monolithic  parts,  the  second 
monolithic  windshield  was  not  tested.  The  laminated  cross  section 
with  the  4130  chrome-mo ly  seamless  tubing  aft  arch  reinforcement  and 
two  (2)  0.090  thick  X  1.500-inch  x  1.500-inch  angles  of  4130  chrome- 
moly  on  the  aft  side  of  the  arch,  passed  a  398  knot  bird  inpact.  It 
was  decided  after  this  series  of  testing  that  all  future  windshields 
would  be  laminated  cross  sections. 

3.12  Bird  Impact  Testing  -  Febraury,  1984 

In  the  fourth  bird  impact  test  series,  three  (3)  laminates  were  fabri¬ 
cated,  mounted  in  frames,  strain  gauged  on  the  aft  arch  reinforcement 
only  and  prepared  for  bird  impact  testing.  The  purpose  of  this  testing 
was  as  follows: 
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1.  Generate  bird  impact  stress-strain  and  deflection  data  of  the  4130 
chrome-moly  seamless  tubing  aft  arch  reinforcement  for  use  in 
designing  a  Kevlar^epoxy  composite  aft  arch  reinforcement. 

2.  Perform  a  verification  bird  impact  of  the  laminate  cross  section 
passed  in  September,  1983  testing. 

3.  Perform  bird  impact  testing  on  two  (2)  thinner  cross  sections  in  an 
effort  to  reduce  weight  and  determine  the  minimum  thickness  that 
would  withstand  the  bird  intact. 

The  results  of  the  verification  bird  impact  of  the  0.375/D.187  PPG  112® 
laminate  with  4130  chrome-moly  seamless  tttoing  aft  arch  reinforcement 
was  favorable  at  a  speed  of  396  knots.  The  two  (2)  other  lighter  cross 
sections  of  0.250/0.250  and  0.187/t).187  PPG  112®lamlnates  failed  at 
403  and  396  knots.  Although  the  two  (2)  thin  laminates  failed,  they  did 
show  enough  promise  for  further  redesign. 

3.13  Bird  Impact  -  Testing  July,  1984 

In  the  fifth  bird  Impact  test  series,  three  (3)  laminates  were  prepared 
for  bird  impact  testing.  The  purpose  for  this  testing  was  as  follows: 

1.  Perform  bird  impact  testing  on  0.375/0.187  PPG  112® cross  section 
with  a  Kevlar® epoxy  composite  aft  arch  reinforcement  for  com¬ 
parison  to  the  same  cross  section  with  the  4130  chrome-moly  seamless 
tubing  aft  arch  reinforcement. 

2.  Perform  bird  impact  testing  on  redesigned  0.250/0.250  and  0.187/0.187 
PPG  112®  laminates. 


3.  Generate  stress-strain  and  deflection  data  for  use  in  design  modifi¬ 
cations  to  the  composite  Kevlar®epoxy  aft  arch  reinforcement. 


3.13  Bird  Impact  -  Testing  July.  I98A  CContinued) 

The  Kevlar(^epoxy  composite  aft  arch  reinforced  frame  with  the 
0.375/0.187  PPG  112  ^  laminate  was  bird  impacted  at  404  knots  and  passed 
with  no  damage  to  the  laminate.  The  redesigned  0.250/0. 250  PPG  112^ 
laminate  was  bird  impacted  at  403  knots  with  the  laminate  passing  but 
severe  damage  to  the  frame. 

The  redesigned  0.187/0.187  PPG  112® laminate  was  bird  impacted  at  400 
knots  and  the  laminate  failed  directly  above  the  inboard  retainer. 

There  was  severe  deflection  and  permanent  deformation  of  the  aft 
arch. 

3.14  Bird  Impact  Testing  -  October.  1984 

In  the  sixth  bird  impact  test  series,  performed  at  PPG*s  facility  in 
Huntsville,  Alabama,  three  (3)  laminates  were  again  prepared  for  bird 
impact  testing.  The  purpose  for  this  testing  was  as  follows: 


1.  Verification  of  facility  and  set-up  (timing  lights,  event  marker, 
high  speed  film,  set-^j,  etc.). 

2.  Perform  bird  impact  testing  on  two  (2)  different  designs  of 
Kevlar  ©epoxy  composite  aft  arch  reinforcement  cross  sections  with 
0.187/0.187  PPG  112®laminate. 


A  reject  part  was  bird  impacted  at  401  knots  and  the  laminate  passed. 
Several  adjustments  were  made  in  the  overall  set-up  to  agree  with 
required  test  conditions.  The  first  0.187/0.187  PPG  112® laminate  was 
bird  impacted  at  401  knots  and  failed  by  pulling  through  the  aft  arch 
bolts.  This  unit  had  a  stiff  Kevlar (fi^epoxy  composite  reinforcement. 
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3.13  Bird  Impact  Testing  -  October  1984 

The  second  0.187/13.187  PPG  112®laminate  had  1-inch  diameter  washers 
under  the  bolt  heads  to  try  and  prevent  pull-through.  This  unit  was  rein¬ 
forced  with  a  more  flexible  Kevlar (£)epoxy  composite  aft  arch  reinfor¬ 
cement.  At  a  speed  of  406  knots,  the  laminate  failed  but  the  bolts  did 
not  pull  through  the  polycarbonate.  The  polycarbonate  failed  from  bolt 
hole-to-bolt  hole  due  to  being  overpowered. 


A.O  TEST  ITEM  DESCRIPTION  STUDENT  WlhOSHIELD 


After  extensive  testing  In  the  pre-prototype  stage  one  cross  section  has 
been  established  for  the  remainder  of  the  program.  This  cross  section  is 
depicted  in  Figure  1  and  consists  of  the  following.  The  aft  arch  rein¬ 
forcement  of  the  magnesium  frame  will  be  ICVLARAIBERGLASS  HYBRID  com¬ 
posite  bonded  directly  to  the  fame.  The  windshield  consist  of  an 
outboard  ply  of  .375  aircraft  grade  polycarbonate  with  an  outboard  liner 
of  .03  thick  PPG  5300  material.  This  ply  is  laminated  to  an  inboard  ply 
of  .187  aircraft  gjrade  polycarbonate  with  an  inboard  coating  of  .003 
thick  PPG  8500  material.  The  interlayer  in  this  laminate  is  .080  thick 
PPG  112  material.  At  the  aft  arch  of  the  windshield  a  .160  inch  thick 
hexCEL  fiberglass  outboard  retainer  and  a  .035  inch  thick  stainless  steel 
inboard  retainer  are  bonded  to  the  laminate  with  URALANE  5738.  To 
complete  the  assembly  a  wedge  of  GILFAB  FIBERGLASS  is  bonded  to  the  aft 
arch  with  URALANE  5738.  This  wedge  serves  to  match  the  contour  of  the 
windshield  and  the  frame.  The  nose  fairing  and  sill  fairings  are  fabri¬ 
cated  from  6061  T6  aluminum  .100  inch  thick.  The  windshield  is  bolted  to 
the  frame  with  *10  aircraft  bolts  at  the  sills  and  1/4**  aircraft  bolts  in 
the  aft  arch.  To  seal  the  outside  of  the  windshield  to  the  aft  arch  and 
edge  fairings  URETHANE  UR  2102  is  used.  This  materl*'.!  provides  a  smooth 
transition  from  the  windshield  surface  to  the  fairing. 
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FIGURE 


5.0  PROTOTYPE  TESTING  STUDENT  WINDSHIELD 


Prototype  design  testing  will  be  limited  to  the  windshield  system  design 
described  In  Section  4.0.  Although  minor  design  changes  may  be  made.  It 
Is  desirable  not  to  make  any  changes  In  the  prototype  design.  All  proto¬ 
type  bird  Impact  testing  will  use  the  rigid  support  frame  that  has  been 
constructed  by  PPG  for  mounting  and  securing  the  windshield  frame 
(Reference  Figures  2  and  3).  This  support  system  facilitates  easy  access 
to  the  transparency  mounting  system,  greater  flexibility  of  camera  loca¬ 
tion,  and  faster  change  out  from  one  target  to  the  next.  Bird  impacting 
will  consist  of  two  impacts  on  each  of  five  (3)  windshield  systems,  the 
first  at  400  knots,  with  a  secondary  impact  at  130  knots  (Reference  4.2.1 
-  SOW).  This  represents  ten  (10)  impacts  on  five  (5)  windshields  shown 
on  Table  I.  Provisions  have  been  made  for  a  post  pressureAhermal 
impact.  The  impacts  will  be  made  at  all  four  (4)  of  the  required  loca¬ 
tions  shown  in  Figure  4.  Due  to  the  knowledge  gained  in  pre-prototype 
testing,  PPG  recognizes  that  possibly  more  than  one  of  the  impact  loca¬ 
tions  may  be  tested  on  any  single  windshield.  This  deviation  from  the 
contract  would  only  be  implimented  by  agreement  of  both  PPG  and  WPAF8. 

Upon  the  approved  completion  of  the  prototype  testing  the  next  phase  of 
testing  would  commence. 
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FIGURE 


FinilRE  3  T-38  TEST  SET-UP. 


Prototype  Testing  Student  Windshield 


TABLE  I 

PROTOTYPE  STUDENT  WII«)S<IELD  BIRD  I^PACT  TESTING 


SHOT  NO. 

WI^O^^IELO  NO. 

LOCATION 

TEfraATURE 

REMARKS 

1 

1 

400 

AFT 

HIGH 

REQUIRED 

PROTECTION 

2 

1 

130 

AFT 

ROOM 

REQUIED 

PROTECTION 

3 

2 

400 

AFT 

LOW 

REQUIRED 

PROTECTION 

4 

2 

130 

AFT 

ROOM 

REQUIRED 

PROTECTION 

5 

3 

400 

SILL 

ROOM 

6 

3 

130 

ngmn 

ROOM 

REQUIRED 

PROTECTION 

7 

4 

400 

FRONT 

ROOM 

REQUIRED 

PROTECTION 

8 

4 

130 

FRONT 

ROOM 

REQUIRED 

PROTECTION 

9 

5 

400 

CENTER 

ROOM 

REQUIED 

PROTECTION 

10 

5 

130 

CENTER 

ROOM 

REQUIRED 

PROTECTION 

11 

6 

400 

WORST 

WORST 

POST 

PRESSURE/ 

THERMAL 

All  impact  angles  are  27.5  degrees  measured  from  horizontal. 
(Reference  4.2.1  -  SOW) 
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6.0  FLIGHT  QUALITY  TESTING  STUDENT  WINDSHIELD 

Flight  quality  testing  will  be  conducted  on  the  final  design  con¬ 
figuration  determined  during  the  prototype  testing.  Flight  quality 
windshields  will  then  be  representative  of  production  parts.  The  flight 
quality  testing  is  the  final  certification  of  the  design  and  of  the  manu¬ 
facturing  processes. 

All  flight  quality  bird  impact  testing  will  be  performed  in  an  actual 
fuselage  supplied  to  PPG  by  WPAFB.  Bird  impact  testing  will  consist  of 
two  in^jacts  on  each  of  three  (3)  windshield  systems  .  The  first  at  400 
knots,  with  a  secondary  impact  at  130  knots  CReference  4.2.1  -  SOW).  The 
Impact  locations  of  the  test  will  be  determined  from  the  prototype 
testing  and  be  a  worst  case  test.  Provisions  again  have  been  made  for  a 
post  pressureAhermal  impact.  This  represents  six  (6)  impacts  on  three  C3) 
windshields  as  shown  on  Table  II.  One  spare  windshield  system  will  allow 
for  additional  Impact  testing  if  required. 

Upon  satisfactory  completion  of  the  flight  quality  testing  (documented 
air-worthiness)  the  windshield  system  would  then  be  ready  for  installa¬ 
tion  for  Oevelopmental/tDperational  Test  and  Evaluation  (D/OT  and  E). 
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Flight  Quality  Testing  Student  Windshield 


TABLE  II 

FLIGHT  QUALITY  STUDENT  IKIMDS4IELD 
BIRO  IKPACT  QUALIFICATION 


SiOT  NO. 

WINDSHIELD  NO. 

LOCATION 

TEMPERATURE 

REMARKS 

1 

1 

400 

WORST 

ROOM 

REQUIRED 

PROTECTION 

2 

1 

130 

SAhC  AS 
ABOVE 

ROOM 

REQUIRED 
PROTECTir  i 

3 

2 

400 

WORST 

LOW 

REQUIRED 

PROTECTION 

4 

2 

130 

SAhC  AS 
ABOVE 

ROOM 

REQUIRED 

PROTECTION 

5 

3 

400 

WORST 

HIGH 

REQUIRED 

PROTECTION 

6 

3 

130 

SA^C  AS 
ABOVE 

ROOM 

REQUIED 

PROTECTION 

o 

« 

4 

? 

5 

400 

WORST 

WORST 

POST- 

THERMAL/ 

PRESSURE 

All  impact  angles  are  27.5  degrees  measured  from  horizontal. 
CReference  4.2.1  -  SOW) 
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7.0  TEST  ITEM  DESCRIPTION  INSTRUCTOR  WirOSHIELD 


Again  after  extensive  testing  in  the  pre-prototype  stage  one  cross  sec¬ 
tion  has  been  established  for  the  remainder  of  the  program.  This  cross 
section  is  depicted  in  Figure  5  and  consists  of  the  following.  A  forward 
ply  of  .250  inch  thick  polycarbonate  with  8500  coating  on  the  outboard 
surface.  An  aft  ply  of  .187  inch  thick  polycarbonate  with  8500  coating 
on  the  outboard  surface.  These  two  plies  are  laminated  with  .060  inch 
thick  PPG  112  interlayer.  As  an  add  on  a  .100  inch  thick  stainless 
retainer  has  been  added  to  the  forward  side  and  a  .060  inch  thick 
stainless  strap  to  the  aft.  Between  the  attachment  points  for  the 
braceing  rods  the  flat  retainer  has  been  replaced  with  a  1  inch  x  1  inch 
.080  inch  thick  stainless  tube  for  added  stiffness.  All  of  the  stainless 
material  is  bolted  to  the  windshield  with  .250  inch  high  strength  bolts. 
It  is  also  bolted  to  the  aluminum  casting  and  to  the  braceing  rods,  the 
original  braceing  rods  have  been  replaced  with  .090  inch  thick  x  .750 
inch  wide  tool  steel  with  the  ends  hardened  to  a  Rockwell  hardness  of  55 
to  60. 
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.303  STAINUSS 


o 


8.0  FLIGHT  QUALITY  TESTING  INSTRUCTOR  WlhOSHIELD 

All  flight  quality  bird  impact  testing  will  be  performed  in  an  actual 
fuselage  supplied  to  PPG  by  WPAFB.  Bird  impact  testing  will  consist  of  a 
single  intact  on  each  of  the  two  windshield  systems  at  250  knots  and  at 
ambient  temperature.  Provisions  have,  been  made  for  a  post 
pressureAhermal  impact.  This  represents  three  (3)  impacts  located  by 
Figure  6  on  three  (3)  windshield  systems  as  shown  on  Table  III.  This  is 
an  exception  to  the  SOW  4.2.1.  We  propose  to  eliminate  the  requirement 
of  high  and  low  temperature  testing  since  this  windshield  system  would  be 
in  an  ambient  atmosphere. 
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?.  SYMM 


IMPACT  LOCATIONS 


OUTLINE  OF 
TRANSPARENCY 


FIGURE  6 

INSTRUCTOR  WINDSHIELD 
31 RD  IMPACT  LOCATIONS 
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Flight  Quality  Testing  Instructor 


TABLE  III 

FLIGHT  QUALITY  INSTRUCTOR  Wlt^SHIELD 
BIRO  IMPACT  QUALIFICATION 


Shot 

No. 

windshield 

No. 

mSBM 

Location 

Remarks 

1 

1 

250 

Center  line 

Room 

Reguired 

Protection 

2 

2 

250 

Secondary 

(Corner) 

Room 

Reguired 

Protection 

3 

3* 

250 

Worst 

Room 

Retention  of 
Bird  Impact 
Protection 

All  impact  angles  are  70  degrees  measured  from  horizontal. 

•After  thermal  pressure  gualification. 

(Reference  4.2.1  -  SOW) 
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9.0  TESTING  SCHEDULE 


Testing  schedule  is  mainly  dependent  on  the  delivery  of  composite  rein¬ 
forced  frames  from  The  University  of  Dayton.  The  following  time  slots 
have  been  reserved  for  bird  impact  testing i 


Prototype  testing  Student  W/S 


May  1985 


Prototype  Testing  Student  W/S 


July  1985 


Flight  Quality  Student  W/S 
Flight  Quality  Instructor  W/S 


Sept.  1985 
Sept.  1985 


Flight  Quality  Student  W/S  Nov.  1985 
Flight  Quality  Instructor  W/S  Nov.  1985 

The  impact  testing  of  post  thermal/pressure  although  not  required,  but 
desirable,  is  entirely  dependent  on  the  WPAF0  time-frame  for  completing 
thermal/pressure  testing. 
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10.0  DESCRIPTION  OF  TEST  EQUIPNENT 


The  test  equipment  shall  include  bird  carcasses,  a  bird  propulsion  gun, 
high-speed  cameras  up  to  11,000  frames  per  second,  and  dual  velocity 
measuring  systems. 

10.1  Bird  Carcasses 

The  bird  projectiles  shall  be  previously  frozen  chickens  thawed  for 
24  hours  at  70  ±5®F.  The  carcass  weight  shall  be  adjusted,  if 
necessary,  to  meet  the  specified  weight  requirement.  This  adjust¬ 
ment  shall  be  accomplished  by  trimming  portion  off  of  the  extremi¬ 
ties  of  the  carcass  or  by  adding  a  jel  consisting  of  98-percent 
water  and  2-percent  sodium  carbox  methylecellulose.  Weight  adjust¬ 
ments  shall  not  exceed  10-percent  of  the  final  weight. 

10.2  Velocity  Measuring  System 

Bird  velocities  shall  be  measured  by  a  photo  electric  system 
described  in  Appendix  I  Test  Facility.  The  measured  velocity 
may  also  be  confirmed  through  the  use  of  the  high  speed  films,  the 
films  are  marked  continuously  on  one  side  by  and  LED  light  at  a  pre¬ 
set  frequency;  on  the  opposite  side  no  mark  appears  until  the  bird 
package  passes  through  a  photo  electric  trigger  system  (event 
marker)  which  then  triggers  an  LED  light  to  a  different  preset  fre¬ 
quency.  A  film  rate  of  frames  per  second  may  be  calculated  using 
either  one  of  the  LED  markers.  By  taking  a  pre-shot  measurement 
from  the  event  marker  to  the  impact  point  and  using  the  calculated 
frame,  rate,  a  bird  velocity  can  be  calculated  based  on  the  number 

of  frames  counted  from  the  first  event  marker  to  the  frame  showing 
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10.2  velocity  Measuring  System  (Continued) 

the  impact  on  the  target  point.  Another  way  to  verify  the  velocity 
is  by  using  a  preset  or  a  measured  velocity  from  the  photo  electric 


system  and  calculating  the  number  of  frames  that  should  be  exposed 


between  the  event  marker  and  the  impact  point. 


10.3  Equipment  Accuracy 

The  accuracy  of  the  velocity  measuring  equipment  shall  be  within  ±2 
percent.  Deviation  in  bird  weight  and  impact  angles  shall  not 


exceed  those  listed  below: 

Bird  weight  (4  lbs) 
Windshield  impact  angle 


+2  oz 
+1  deg 


10.4  Calibration 

Calibration  of  all  measuring  and  test  equipment  used  in  performance 
of  these  tests  shall  be  of  sufficient  accuracies  to  substantiate 
validity  of  data  to  the  accuracies  specified  in  3.5.3.  All  calibra¬ 
tion  shall  be  certified  by  an  outside  laboratory  to  N.B.S.  standards. 


10.5  Data  Acquisition  and  Reduction  Requirements 

Test  conditions,  velocities,  angles  of  impact,  and  a  description  of 
the  impact  and  any  damage  to  the  test  specimens  shall  be  manually 
recorded  for  each  bird  strike  test.  Additionally,  photographs  shall 
be  taken  before,  during,  and  after  each  strike.  This  data  and  any 
other  information  useful  for  substantiation  shall  be  summarized, 
appropriately  identified  and  correlated,  and  presented  in  che  final 


test  report. 
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11.0  TEMPERATURE  DEFINITIONS 


ROOM 

LOW 

HIGH 


Normal  ambient  temperature  70*  ±5*F 
-35 *F  outside  ambient  and  70 *F  Inside  ambient 
170 "F  outside  ambient  and  70 ‘F  Inside  ambient 
(Reference  4.2.1  -  SOW). 
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12.0  ACCEPTANCE  LIMITS 


Windshield  -  The  windshield  shall  be  considered  acceptable  If,  the  tests 
meet  the  following  criteria  (Reference  4.2.1  -  SOW). 

There  are  no  punctures  of  the  transparency  which  result  In  a  hole  larger 
than  1.0  square  Inch. 

There  are  no  fracture  patterns  which  would  not  resist  a  4.0  pound  bird 
impact  at  130  knots  (instructor  windshield  not  required  to  take  second 
Impact). 

There  are  no  structural  failures  which  would  prevent  continued  safe 
flight. 

There  are  no  spall  segments  larger  than  .250  cubic  inch  ejected  toward 
the  pilot.  If  bird  debris  enters  the  cockpit  area  due  to  temporary 
deflection  of  the  transparencies  such  debris  will  be  of  quantity, 
direction,  and  nature  to  preclude  injury  to  the  pilot  which  would  prevent 
continuation  of  flight  duties. 
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13. Cr  TEST  SPEC1^€N  INSPECTION 

Prior  to  testing  each  test  specimen  shall  be  conformance  Inspected  to 
ensure  conformity  to  specified  requirements  for  dimensions,  materials, 
and  processes  and  to  ensure  the  test  specimens  are  representative  of  the 
actual  production  hardware.  (Figure  7) 


WINDSilELD  INSPECTION 


USAF  T-38  PAi  ^P-1585 

ITEM  DESCRIPTION 

PPG  5300  Outboard  Liner 

Polycarbontae  Outboard  Ply 

PPG  112  Interlayer 

Polycarbonate  Inboard  Ply 

Hexcel  Fiberglass  o’bd.  Retainer 

Stainless  Steel  In'bd.  Retainer 

Nose  and  Sill  Fairings  -  6061T6  Al. 

PPG  8500  Inboard  Coating 

Uralane  5738  Adhesive 

Urethane  UR  2102  Sealant 

Sill  Bushings  6061T6  Al. 

Arch  Bushings  6061T6  Al. 

NAS  1580C3T-16 

NAS  1580  C4T-30  and  34 

Light  Transmission 

Haze 

Distortion 

Deviation 

Weight  Assembled 


SM 


REQUIRB€NT 


.030  -  .050  inch 


.375  t  .038  inch 


.060  ±  .006  Inch 


.187  ±  .019  inch 


.160  ±  .016  inch 


.035  ±  .004  inch 


.100  ±  .010  inch 


.004  t  .002  inch 


A/n 


ik/n 


1704-1 


1702-5 


NAS  Spec 
NAS  Spec 
80%  min. 


3X  Max. 


1/12  Student  and 
1/8  Instructor 


.6  and  1.0 


■IGURE  7 
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lA.O  WII^SHIELO  TEST 


Four -pound  bird  carcasses  at  70®  ±5®F  shall  be  propelled  against  the 
windshield  assembly  at  the  velocity  and  angles  shown  in  Tables  I,  II,  and 
III  and  at  the  locations  shown  in  Figures  A  and  6.  Any  cracking, 
crazing,  or  other  damage  shall  be  documented.  Each  test  shall  be  per¬ 
formed  on  a  separate  windshield  system,  except  for  the  secondary  shot  on 
the  student  W/S  at  130  knots  (Reference  A. 2.1  -  SOW).  PPG  proposes  that 
each  of  the  student  windshield  systems  be  impacted  with  the  second  130 
knot  shot  before  removing  from  the  testing  fixture  or  fuselage.  This 
will  cover  all  impacts  to  determine  the  most  severe  impact  location  and 
will  not  require  re-installing  a  windshield  system  that  has  already  been 
Impacted  and  may  have  some  structual  damage  making  the  re-installation 
difficult.  PPG  feels  that  the  worst  case  condition  of  impact  can  be 
determined  during  prototype  testing  and  secondary  testing  would  be 
necessary  only  on  that  location  in  the  flight  quality  phase.  Again  PPG 
recognizes  that  this  test  plan  may  be  changed  to  allow  multiple  impacts 
on  the  same  unit  by  agreement  of  both  PPG  and  the  WPAFB. 
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15.0  WITNESSING 


WPAFB  personnel  shall  witness  all  testing  set  forth  in  this  test  plan. 
Sub-contractors  will  also  be  permitted  to  witness  testing  if  requested. 
PPG  will  notify  WPAFB  in  sufficient  time  that  witnessing  arrangements  can 

be  made  prior  to  start  of  testing. 
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16.0  DATA 


16.1  Scope 

The  results  of  all  testing  and  the  new  data  accumulated  in  the  per¬ 
formance  thereof,  including  photographs,  shall  be  part  of  the  Final 
Development  and  Performance  Report. 

16.2  Format  of  test  data  sheets  -  All  test  data  shall  be  recorded  on 
appropriate  test  data  sheets  that  include  but  are  not  limited  to  the 
following* 

16.2.1  Windshield 
Test  Title 
Date  of  Test 

Windshield  Name  and  Part  No. 

Test  Facility 
Ambient  Temperature 
Bird  Weight 
Speed  Requirement 
Actual  Speed 

Windshield  Temperature  Outboard  Surface 
Windshield  Temperature  Inboard  Surface 
Sketch  of  Windshield  or  Drawing  No. 

Test  Results 
Signatures 
Identify  Frames 
Frame  Reinforcement 
Backup  Parts  by  Serial  No. 

Canopy 
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17.0  rOTES 


17.1  Reason  for  Tests 

To  investigate  the  physical  damage  caused  to  the  windshield  system 
as  a  result  of  collisions  with  birds  during  normal  flight  con¬ 
ditions. 

17.2  Responsibility 

PPG  is  responsible  for  the  windshield  and  windshield  system  test 
fixture  for  the  Bird  Impact  testing.  WPAFB  is  responsible  for  pro¬ 
viding  backup  canopys  and  the  T-38  fuselage  for  flight  quality 
testing. 
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18.0  GFE 


The  following  list  of  GFE  is  in-house  and  usable  for  prototype  and 
flight  quality  bird  impact  testing i 


Quantity 

Part  No. 

1 

T-38  Front  Fuselage 

10 

Student  W/S  Front  Arch  Fairing 

3-13008-3 

2 

Student  W/S  R/H  Corner  Fairing 

3-13009-2 

2 

Student  W/S  lM  Corner  Fairing 

3-13009-3 

30 

Student  W/S  Locking  Pins 

5315-00-834-8410 

2 

Student  W/S  R/H  Sill  Fairing 

3-13008-6 

2 

Student  W/S  L/U  Sill  Fairing 

3-13008-5 

14 

Student  W/S  R/h  Fame  Hinge 

3-13001-12 

14 

Student  W/S  lM  Frame  Hinge 

3-13001-11 

1 

Student  W/S  Frame  (Master)  S/tJ  1542 

3-13001-507 

1 

Student  W/S  Frame  (NASA)  S/N  1306 

3-13001-507 

1 

Student  W/S  Frame  (Rebuilt)  S/1^  1584 

3-13001-507 

1 

Student  W/S  Frame  (Rebuilt)  S/S  1585 

3-13001-507 

1 

Student  W/S  Frame  (Welliran)  S/^  1570 

3-13001-507 

1 

Student  W/S  Frame  (Old-Style)  SAi  1368 

3-13001-507 

1 

Student  W/S  Frame  (Wellman)  S/)^  1598 

3-13001-507 

1 

Student  W/S  Frame  (Northrop)  S/>4  1532 

3-13001-507 

1 

Student  W/S  Frame  (Northrop)  S/>J  1533 

3-13001-507 

1 

Student  W/S  Frame  (Northrop)  S/W  1576 

3-13001-507 

4 

Installation  Part  Kits 

RK0149 

2 

Inflatable  Rubber  Seal 

S12212 

1 

Instructor  W/S  Frame  S/W  7859 

3-13105-31 

1 

Instructor  W/S  Frame  SA  7858 

3-13105-31 

1 

Instructor  W/S  Frame  S/>4  7851 

3-13105-31 

3 

Instructor  W/S  Lower  Riveted  Frame 

3-13115-15 

1 

Student  Canopy  (S/^l  168) 

3-13204-14  and  Frame 

1 

Student  Canopy  (S/N  4050) 

3-13204-14  and  Frame 

1 

Student  Canopy  S/W  155 

3-13204-14 

1 

Student  Canopy  S/N  170 

3-13204-14 

1 

Student  Canopy  S/><  194 

3-13204-14 

1 

Instructor  Canopy 

2-13309  and  Frame 

From  Fuselage 

1 

Instructor  Canopy  SA  3233 

2-13309  and  Frame 

From  Thunderbird 
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18.1  Additional  GFE  Required  for  Impact  Testing 

The  following  list  of  GFE  is  required  to  complete  the  prototype  and 
Flight  Quality  Bird  Impact  Testing i 

Second  fuselage  from  AEDC  already  prepared  for  cameras. 

Quantity  Part  No. 

4  Student  W/S  Frames  3-13001-507 

4  Installation  Part  Kits  RK  0149 

18.2  Additional  GFE  Required  for  Flight  Quality  Testing 

The  following  list  of  GFE  is  required  to  complete  the  Flight  Quality 
0/t)T  and  E  testing. 


Quantity  Part  No. 


4  Student  w/S  frames  3-13001-507 

8  Installation  Part  Kits  RK  0149 

7  Inflatable  Rubber  Seals  S12212 

10  Instructor  W/S  Frames  3-13105-31 

10  Lower  Riveted  Frames  3-13115-15 


Instructor  W/S  frames  and  lower  riveted  frames  may  be  switched  out 
from  current  aircraft.  Three  (3)  seed  frames  would  be  desirable  if 
switch-out  is  required. 
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APPENDIX 
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BIRO  IMPACT  FACILITY 


PPG^s  new  bird  impact  test  facility  located  in  Huntsville,  Alabama  has  the 
following  capabilities  for  impact  velocities! 

one  pound  bird  from  72  knots  to  413  knots 

two  pound  bird  from  29  knots  to  413  knots 

four  pound  bird  from  58  knots  to  751  knots 
eight  pound  bird  from  147  knots  to  444  knots 

The  pneumatic  cannon  is  approximately  56  feet  in  length  of  which  40  feet  is 
barrel,  the  diameter  of  the  barrel  is  a  nominal  10  inches.  Air  to  propel  the 
sabot  to  the  target  is  provided  from  a  106  cubic  foot  reservoir  which  gets  its 
supply  from  a  200  psi  compressor  system  (Reference  Figure  3).  Depending  on 
the  velocity  required,  there  are  four  types  of  metal  sabots  to  choose  from. 

Each  sabot  is  specifically  designed  to  deliver  the  bird  package  down  the 
barrel  without  damage  or  degradation  during  its  acceleration  (Reference  Figure  6). 
Firing  is  accomplished  through  the  use  of  Mylar  diaphragms  and  a  step  chamber 
that  is  pressurized  at  one  half  the  level  of  pressure  used  in  the  large  reser¬ 
voir  (Reference  Figure  4).  The  cannon  is  fired  by  exhausting  the  pressure  in 

the  step  chamber  which  in  turn  ruptures  the  Mylar  diaphragm  retaining  the 
pressure  in  the  large  reservoir.  When  the  sabot  reaches  the  end  of  the  barrel, 
it  is  collected  by  a  sabot  stripper  and  spring  system  that  absorbs  the  kinetic 
energy  of  the  sabot  (Reference  Figures  5  and  7).  The  bird  continues  on  to  the 
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BIRO  INFACT  FACILITY  (Continued) 

target  that  is  usually  located  at  a  point  approximately  10  feet  distant.  This 
distance  can  be  shortened  a  few  feet  and/or  lengthened  several  feet  as  need 
be. 

The  gun  is  fully  adjustable  in  height  from  61.5  inches  up  to  approximately  9 
feet.  It  is  also  adjustable  for  minor  elevation  changes  at  the  muzzle.  The 
height  and  elevation  changes  permit  shooting  on  most  fuselage  configurations 
as  well  as  test  sample  sizes  of  a  standard  26x26  inch  square.  Frames  are 
available  for  both  bolted  and  clamped  edge  designs  of  this  size.  To  insure 
that  the  test  article  is  in  it’s  proper  position,  the  impact  point  is  defined 
with  a  helium  laser  centered  in  the  end  of  the  barrel.  Installation  angles 
are  verified  with  a  precision  clionmeter  accurate  to  less  than  1/4  of  a 
degree. 

Environmental  conditioning  of  test  transparencies  is  available  in  the  form  of 
heating  blankets  for  elevated  temperatures  and  GN2  as  a  cooling  mode  for  low 
temperatures.  In  the  case  of  low  temperature  conditioning,  a  "box"  is  built 
around  the  test  article  and  remains  in  position  until  just  seconds  before 
impact  at  which  point  it  is  removed  so  as  to  not  impede  the  bird  velocity. 

For  test  panels  other  than  the  above  mentioned  26x26  inch  size,  a  massive 
frame  support  system  is  availabie  that  can  be  adjusted  for  installation  angles 
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BIRO  INPACT  FACILITY  (Continued) 


from  25  degrees  up  to  85  degrees  (Reference  Figure  9).  This  frame  can  be 
easily  modified  to  suit  and/or  support  any  type  customer  fixture  that  simula¬ 
tes  the  actual  airframe.  Where  it  is  required,  the  floor  space  is  sufficient 
to  accommodate  the  front  section  of  nearly  any  fuselage  section.  The  initial 
design  consideration  for  floor  space  was  done  with  the  front  section  of  the 
Boeing  747  in  mind. 

High  speed  photography  is  accomplished  with  the  use  of  16  millimeter  Hycam  II 
cameras  that  are  adjustable  in  speed  up  to  11000  frames  per  second.  The 
lighting  system  and  cameras  are  tied  together  electronically.  When  the  **fire“ 
button  is  depressed  the  lighting  is  switched  on  automatically  and  the  cameras 
started.  At  a  preset  number  of  feet  into  the  100  foot  spool  of  film,  an 
internal  camera  speed  sensor  triggers  a  contact  closure  which  then  actually 
fires  the  cannon.  This  system  not  only  provides  excellent  timing  of  lights, 
camera,  action,  but  also  permits  the  camera  to  attain  the  correct  speed 
required  for  the  test.  Films  can  be  viewed  on  a  next  day  basis  under  most 
conditions  but  no  later  than  two  days  after  impact  testing. 

At  this  time  only  four  channels  cf  dynamic  strain  recording  equipment  are  in 
house  but  these  four  channels  are  the  "state  of  the  art"  type  equipment. 
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The  bird  speed  is  measured  with  a  system  that  makes  our  facility  unique  in 
that  small  particles  or  moisture  clouds  that  precede  the  bird  package  do  not 
trigger  false  readings  of  time  and  thus  bad  speed  indication.  The  system  is  ' 
designed  to  operate  only  when  50*  or  more  of  the  sensing  light  is  obscured 
(Reference  Figures  15  and  16).  Bird  speed  is  measured  in  three  axis  and 
averaged  to  compensate  for  minor  deviations  in  flight  pattern  that  the  bird 
package  might  develop  prior  to  impact.  The  frequency  counters  used  to  indi¬ 
cate  the  speed  of  the  bird  package  over  a  measured  distance  of  three  feet  are 
calibrated  by  an  outside  laboratory  to  N.B.S.  standards.  The  referenced  three 
foot  distance  is  measured  periodically  by  PPG  but  should  never  change  unless 
new  lights  are  installed  which  then  could  cause  changes  due  to  different  fila¬ 
ment  positions  within  the  lights  (Reference  Figure  17). 

At  present  only  two  and  four  pound  bird  carcasses  are  in  stock  for  test 
shooting  but  with  sufficient  notice  arrangements  can  be  made  to  accommodate 
other  sizes.  This  description  is  not  meant  to  cover  or  explain  all  of  the 
capabilities  of  the  impact  facility  now  operational,  but  to  provide  an 
understanding  of  our  general  test  capabilities. 
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FIG.  3:  diagram  OF  PNEUMATIC  CANNON 


FIG.  5:  SABOT  ARRESTOR 
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FIG.  6:  SABOT  COMPONENTS.  BIRD  PACKAGE  AND  ASSEMBLED  SABOT  WITH  BIRD 

PACKAGE  READY  FOR  FIRING 


FIG.  7:  EXAMPLES  OF  SPENT  SABOTS 
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